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MORE IMPORTANT STAGES IN EVOLUTION 
OF OPINIONS O N FORMATION OF ICE-MARGINAL STREAMWAY

1. The ice-marginal streamway * drained by the Lower Noteć and the 
Lower Warta, also known as the Toruń— Eberswalde ice-marginal 
stream way belongs to the largest va lley  forms in the postglacial low 
land. Neither of the localities appearing in the name of this streamway  
describes its range. The head of this old v a lley  should be looked for 
farer to the East, either in the v a lley  of the Lower Drwęca or in the 
v a lle y  of the Vistula upstream of Toruń and, further on, in the 
v a lley  of the Lower Narew. On the other hand, westwards of the Odra 
and of the v a lley  gap near Eberswalde (,,The Eberswalde Gate") this 
ice-marginal stream way is continued in the present va lleys  cf the Finow, 
Rhin and H avel rivers, which ultimately join the v a lley  of the Elbe 
river. The term used in the title of the present paper has been chosen  
due to the fact that the ice-marginal stream way under discussion is now  
drained mainly by the N oteć and Warta rivers.

This ice-marginal streamway, while markedly variable both in gra
dient and width, and alternately revealing narrow stretches of gap type  
and extensive  basin-shaped widenings, is drained by numerous rivers; 
even  so, it clearly constitutes a unity. The first to notice this was 
H. G i r a r d ,  as early as one hundred years ago (23); this author gave  
a description of the plateau spread betw een the Elbe and the Vistula 
and of the v a lley s  extending in an east-west direction in this plateau. 
After O. T o r  e l l  (1875) had established the fact of the glaciation cf 
considerable areas of Europe by the Scandinavian inland ice, G. B e- 
r e n d t (6) was the first to draw a map of the N oteć— Warta ice-margi
nal streamway. He connected the formation of ice-marginal streamways  
on the postglacial lowland with the obstructions which river waters met 
in their northwards run-off while inland ice was present on the lowland  
and gradually withdrawing. W hen the lowland had been liberated from 
its ice covering, the rivers resumed their original, i. e. northward, direc
tion of flow.

K. K e i 1 h a  c k (28, 29) was the first to reach the conclusion that 
the N oteć—Warta ice-marginal stream way is genetica lly  connected with

* Polish „pradolina", German ..Urstromtal",
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8 Rajmund Galon

the presence of inland ice during the Pomeranian stage, and that it 
constituted the path along which meltwater flowed aw ay  during this 
stage. Within this v a lley  he observed two dammed lakes, of Toruń 
and of Kostrzyn (Küstrin), indicated by basin-shaped w idenings of the 
va lley  and known as Toruń Basin* and Gorzów (Kostrzyn) Basin**; in 
these basins the main terrace, formed during the period of the fluvio- 
glacial run-off, is not inclined or on ly  slightly. According to Keilhack's 
observation, this terrace lies at the altitude of 70 to 75 m. in the area 
of the former Toruń dammed lake, w hile along the former Kostrzyn  
lake it l ies  on a height of 35 to 45 m. The v a lley  gap near Eberswalde 
is situated at a similar height.

From the Kostrzyn dammed lake, of som e 40 meters' depth, in w hich  
not only waters of the ice-marginal stream way flow ing from the East, 
but also Odra waters accumulated, the outflow took place through the 
valley  gap near Eberswalde, the so-called Eberswalde Gate. Keilhack  
failed to explain, in a convincing fashion, the absence of glacial lake 
sediments in the Kostrzyn Basin, or to explain the fact that the main  
valley  terrace in the gap near Eberswalde, thus w est of the Kostrzyn  
Basin, shows a rise of several meters (a v a lley  watershed).

G. M a a s  (52; disputes the concept of a genetic uniformity of the 
ice-marginal stream way and its connection with the Pomeranian stage, 
expressing the opinion that this v a lley  is com posed of several basins, 
previously  separated from each other by terminal moraines. A  number 
of later authors have also contested the uniformity of the v a lley  line, 
in particular its comprising the va lley  gap near Eberswalde (,,The Ebers- 
walde Gate") due to its abnormal height; they  also challenge the con
cept of connecting the ice-marginal stream way genetically  with the end  
moraines of the Pomeranian stage (E. W u n d e r l i c h ,  O.  S c h n e i 
d e r .  P. G. K r a u s e ,  S. Z e u n e r ,  G. S c h u l z ,  F. S o l g e r ,  B. Be-  
s c h o r e n ,  K. v. B ü l o  w). On the other hand, W  a h n s c h a f f e  
(74, 75) agrees with Keilhack as to the ex istence of a continuous course  
of the ice-marginai streamway, comprising the w id ely  discussed v a lley  
section near Eberswalde too, whereas, in his opinion, the Kostrzyn  
dammed lake has been at a higher situation. W ahnschaffe regards the 
present-day bottom of the v a lley  as the result of postglacial erosion by  
the Odra river.

Thus the discussion as to the origin of the outwash v a lley  has dealt 
rather with its w estern part, i. e. the Kostrzyn Basin, together with the

* Also called the Toruń— Bydgoszcz V alley  Basin.
** This enormous depression extends on both  sides of the Odra. It is custom ary 

to refer to its p ar t  s i tuated  on Polish te rr i to ry  as the Gorzów Basin, w hile the basin 
as a whole is called the Kostrzyn (Küstrin) Basin.
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The Opinions on Formation of Ice-marginal Streamway 9

adjoining v a lley  gap near Eberswalde, the morphological situation of 
which does not correspond to any concepts of a genetic uniformity of 
the ice-marginal streamway. Attempts, how ever w ere still continued to 
explain the formation of the ice-marginal streamway, in its western  
pkrt, with the conception of a uniform run-oif.

Of more recent authors, H. L o u i s  (51) concedes the uniform cha
racter of the ice-marginal streamway. In his opinion, the Kostrzyn (Go
rzów) Basin was, at that tame, filled with dead ice, due to  which  
meltwater flowed out westwards through the narrow gap of the ice-mar
ginal stream way near Eberswalde. The sw elling of the stream way  
terrace at that spot (the v a lley  watershed at Zerpenschleuse) he regards 
as having been caused by some small tectonic movement.

A similar opinion has been expressed by W o l d s t e d t  (79). He  
rejects the hitherto prevalent concept of the Kostrzyn Basin, having  
been a dammed lake, w hile assuming this vast form to have  been filled  
witch dead ice. During the Pomeranian stage there w as formed, in the 
Toruń— Eberswalde ice-marginal streamway, a uniform erosive  ter
race, the so-called main Baltic terrace, extending westwards through 
the va lley  gap near Eberswalde. At that time, the waters of the Odra 
still continued to flow  down the W arsaw — Berlin ice-marginal stream
way. Instead of the present v a lley  of the Lower Odra there existed  
a subglacial channel draining of the waters into the Toruń— Eberswalde 
ice-marginal streamway. Like Louis, W oldstedt ascribes the va lley  w a 
tershed in the va lley  gap to a tectonic uplift.

W oldstedt's reasoning is resumed by H. G. O s t  (58, 59) who, in v e 
stigating the outwash plains of the Gwda and Drawa rivers, established  
their connection, on the one hand, with end moraines of the Pomeranian  
stage and, on the other hand, with the main terrace of the ice-marginal 
stream way which, in numerous places reveals ice contacts (kame terra
ces). At the same time, however, Ost calls attention to the genetically  
complicated character of the ice-marginal streamway.

Am ong the most recent papers concerning the western part of the 
ice-marginal streamway, in particular of the Kostrzyn Basin, one of the 
most outstanding is a contribution by H. L i e d t k e (48, 49), which puis 

an end to the controversy on the problem of the run-off of stream way  

waters through the gap in this va lley  near Eberswalde. Like Louis and 

W oldstedt, this author assumes the entire Kostrzyń Basin having been 

filled with dead ice; meltwater could, therefore without any difficulty  

overflow  this depression, as evidenced by outwash tracks suddenly  
breaking off at the northern and north-western side of the Basin, and 

continuing on the southern and western side of this vast form.
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Liedtke envisages the development of the western part of the va lley  
under consideration (the Warta ice-marginal streamway) in three stages. 
During the Pomeranian stage, meltwater made its w ay  over the present 
Kostrzyn Basin south and westwards along various tracks, principally  
through the present gap of the Odra va lley  and the v a lley  near Buckow  
(Rotes Luch), towards the W arsaw —Berlin ice-marginal streamway. 
During the stage of the gradual recession of the inland ice, succeeding  
the Pomeranian stage, meltwater flowing both from the north from 
the nearby inland ice, and from the east in the N oteć— Warta stream
way, ran mainly westwards through the va lley  narrow near Eberswalde. 
Finally, during the third stage, when the inland ice had already receded  
into the area of the (present Szczecin Lagoon (haff), the waters of the  
Warta ice-marginal streamway made their w ay ex c lu s ive ly  northwards, 
through the present v a lley  of the Lower Odra and the Randow river, 
and then westwards, along one of the Mecklenburg ice-marginal stream- 
ways. Consequently, H. Liedtke distinguishes two ice-marginal stream- 
ways, the Toruń—Eberswalde stream way and the N oteć—Randow  
streamway, he reaches the conclusion that, at a time w hen in the 
eastern part of the ice-marginal streamway meltwater continued to flow  
aw ay from inland ice to the streamway, the more rapid recession of the 
inland ice in the west caused, the water there to make its w ay north
wards. H. Liedtke attempted to demonstrate that the swelling of the 
bottom of the ice-marginal stream way w est of Eberswalde w ere not 
caused by any tectonic uplift, but simply represent a peri glacial alluvial 
cone of the H avel river (4 to 6 m. height).

Mention should be made of the research conducted by L. P i l a  r- 
c z y  k (62) in the area of the Gorzów Basin, dealing principally with the 
valley  of the Kłodawka river, which joins the Warta ice-marginal 
streamway near Gorzów, as w ell as with the terraces of this old v a lley  
in that region. The author describes the terraces of the Kłodawka v a lley  
and compares them with the terraces of the ice-marginal streamway in 
the light of existing German investigations. The Kłodawka is a typical 
outwash river, just like the Gwda and the Brda rivers. The morpholo
gical investigations of lateral v a lleys  leading into the ice-marginal 
streamway are a valuable supplement to the studies dealing with terra
ces in the streamway, where such terraces, on the whole, appear b jt  
fragmentarily.

A fundamental evolution of v iew s has taken place in the controversy  
on the origin of the ice-marginal stream way and, more particularly, 
of its western part, including the Kostrzyn Basin. The assumption of the 
existence of a deep dammed lake, which  has made it possible for the 
waters of the ice-marginal streamway to pass the v a lley  narrow near
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The Opinions on Formation of Ice-marginal Streamway 11

Eberswalde, has been superseded by a thesis which assum es an erosio- 
nal cutting of the basin by the waters of the Odra and Warta. This 
thesis, in turn, has been replaced by a concept in which the principal 
part is p layed by dead ice which at one time filled this ex ten siv e  bas'n.

2. The deliberations mentioned above on the origin of the N oteć—  
— W arta ice-marginal streamway and on its relation to the recession of 
the inland ice, m ostly referred to the western part of the stream way  
under consideration. For, indeed, the fundamental cognition  of the 

origin of the N oteć— Warta ice-marginal stream way depended on the 
explanation of the role played in the draining of the ice-marginal 
stream w ay by the va lley  gap near Eberswalde. H ow  did investigation  
and discussion of the origin of the eastern part of the outwash va lley  
sim ultaneously proceed? Just as, in the west, the Kostrzyn (Gorzów) 
Basin, so in the east the Toruń Basin evoked the greatest interest 
among geologists. For many years K. Keilhack's concept of an ice- 
-dammed lake w eighed heavily  on the explanation of the origin of the 
outwash valley. But, ev en  before him, in 1878, B. B e r e n d t  (6) pre
pared a map of the ice-marginal streamway, marking in this area two 
moraine islands, situated in the Toruń Basin and south of N a k lo ; he also  
discussed the problem of the northward diversion of the Vistula. Both 
P. S o n n t a g  (70) and A. J e n t z s c h  (26) proved to be partisans of 
the concept of the Toruń Basin having been a dammed lake. In Sonn- 
tag's opinion, this lake existed owing to end moraines blocking the  
waters from flowing westwards. At the same time, how ever, this dam
med lake was alimented by waters flowing from the north, from the 
„Grudziądz dammed lake". The terrace, seventy-m etres high, he sup
poses to be a trace of the dammed lake in the Toruń Basin. At a la er 
date, when the dammed lake started to drain westwards, the water sur
face dropped to 55 metres a. s. 1. The diversion of the waters of the 
Vistula towards the north this author assum es to have taken place due  
to river capture. At that time, the Vistula already flowed at a lev e l of 
42 meters a. s. 1.

Among Polish geographers, St. L e n c e w i c z  (45) w as the first to 
show interest in the so-called Toruń dammed lake. He demonstrated  
the fallacy of the dammed lake concept with regard to the Toruń Basin  
and, in turn, expressed the opinion that the ice-marginal streamway, 
formed during the Pomeranian stage w as glaciated a second time with  
the ice lobe reaching as far as Płock, as indicated by recent glacial 
forms occuring in the Płock Basin. Subsequent to the shrinking of the 
glacier, the Vistula shaped a new, narrower track through the Toruń 
Basin. The moraine island within the Basin is a deposit of this glacier  
oscillation, while, in the opinion of both St. Lencewicz and A. Z i e r -
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12 Rajmund Galon

h o f f e r  (85), the northward diversion of the Vistula w as caused, by  
the uplift of the substratum on the N oteć— Brda watershed, west 
of Bydgoszcz (an analogy  with the va lley  watershed w est of Ebers- 
walde!).

In his morphological study concerned the Kujawy region, R. G a- 
l o n  (13) assumed the existence of an ice-marginal stream w ay even  
before the last glaciation. At that time there existed, both in its area and  
on adjacent lands, more particularly so in the region of Aleksandrów  
Kujawski, Toruń, Gniewkowo, Bydgoszcz and Chełmno, a gigantic ice- 
dammed lake, in w hich inter-morainic varved clays  had deposited, 
such  as are met with here and in other localities. In the north the 
boundary of the ancient ice-marginal streamway w as the N akło moraine 
plateau edge, in the south the Szaradowo—Barcin moraine plateau edge. 
After the last glaciation, when the inland ice had receded to the area 
of the Pomeranian Lake District, the ice-marginal stream way w as reju
venated, though in a diminished form. Its southern boundary, within  
the Toruń Basin, was the Samoklęski edge (lower by some 10 to 15 
metres than the N akło edge). W hen the edge of the inland ice had 
reached the area of the Baltic, the waters of the Vistula w ere diverted  
northwards, along the sam e w a y  by which so far the glacial watershad  
flow ed in the opposite direction.

Thus R. Galon, like St. Lencewicz, has rejected the concept of a dam
med lake to explain the widening of the ice-marginal stream way  
b etw een  A leksandrów  Kujawski and Nakło, w hile  admitting, on the  
other hand, the existence, in the last interglacial, of an ice-dammed lake  
of dimensions exceed ing those of the present-day basin. The nearly  
horizontal surface of the upiper terrace, the so-called dammed-lake 
terrace, or stream way terrace, is explained by R. Galon as follows. 
The bifurcation of both river and young va lley  of the Vistula by the  
m oraine island, situated near Bydgoszcz, led to a division of the course  
which, in turn, caused a decrease of river erosion in this v a lley  section. 
At any rate, the existence of a basin-shaped widening of the ice-margi- 
nal stream w ay near Toruń does not prove the existence of any kind 
of dammed lake. It is m erely the result of the division of the river 
and of fluvial erosion, without any features of a lake basin.

The problem of the origin of the ice-marginal stream way-and, more 
particularly, of its basin-shaped widening, is examined again in R. Ga
lon's next contributions (16, 17). His fundamental v iew  concerning the 
origin of this stream way is unchanged. On the other hand, more 
recent research proved the existence of a considerable number of terra
ces established first in  the region of Bydgoszcz and Fordon. The fact 
cam e to light that the upper terrace, hitherto by all investigators con-
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The Opinions on Formation of Ice-marginal Streamway 13

sidered to be an ice-marginal stream way terrace, appears both in the 
ice-marginal stream way w est of Bydgoszcz, and in the v a lley  of the 
Lower Vistula near Grudziądz. At any rate, this terrace developed  on ly  
after the Vistula had been diverted towards the ice-dammed lake of 
Gdańsk or the Baltic, m eanwhile developed into an open sea. The out- 
w ash  terrace along the Brda v a lley  not only breaks off north of Byd
goszcz, above the middle terrace of the ice-marginal stream way but it 
also is higher than the upper terrace of the Brda valley , which passes  
into the upper terrace of the ice-marginal stream w ay (18).

Examining the dunes of the Toruń Basin, W. M r ó z e k  (54) deter
mined the exact shape of the moraine island within this basin; this 
moraine plateau proved to be considerably smaller than had been  
thought so far; most important of all, this author found, em erging from 
under the dune covering, a terrace fragment which m ay be considered  
a continuation of the outwash terrace of the Brda, or e lse  of i fs trans
ition step within the ice-marginal streamway. Consequently, the ex isten 
ce  of a  genetic connection of the Pomeraniam stage of the last glaciation  
and the outwash of the Brda river with the ice-marginal stream way  
of the N oteć—Warta has definitely been established.

3. Relatively  little research has been carried out within the ice- 
margimal streamway of the N oteć—W aT ta betw een the basins descri
bed above, or the dammed lakes, according to the original conception  
of the diluvialists. These studies comprised m ostly a detailed geological 
mapping, made by A. J e n t z s c h ,  J. K o r n ,  R. C r o m e r  and 
other Prussian geologists, with appropriate explanations, but without 
any possibility of embracing problems of a larger area of the ice-mar
ginal streamway. J. K o r n  (35) w as the on ly  one to describe a larger 
area, adjacent to the ice-marginal stream way betw een the Odra lobe  
and tjhe Gwda river. He established the existence of a small number 
Of minor end-moraine belts in the foreland of the Pomeranian stage, 
and called attention to the outwash plains of the Drawa and the Gwda. 
According to K o r n ' s  research, in the course of the recession  of the  
inland ice to the line of the moraines of the Pomeranian stage, a sepa
rate glacier lobe was formed which he calls the Drawa— Gwda Lobe. 
Korn has demonstrated that, independently of the outwash fields con n ec 
ted with the Pomeranian stage, there existed, in the neighbourhood of 
the ice-marginal streamway, older outwash plains, resembling v a lley  
terraces (incidentally they are interpreted in this w ay  by som e investi
gators) and connected with nearby end moraines. This accum ulation of 
outwash deposits has more than once been the cause of a stagnation  
of waters within the ice-marginal stream way and of the formation of 
dammed lakes of short duration.
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H. H. O s t  (58, 59), mentioned previously, resumed the study of 
outwash problems already outlined by Korn, distinguishing, near the  
ice-marginal streamway, pre-Baltic outwash plains connected with the 
adjoining phases of the recession period inland ice, and Baltic terraces, 
incised into the pre-Baltic plains and corresponding to the outwash  

plains of the Gwda and Drawa; these terraces are genetically  connected  
with the Pomeranian (Baltic) stage. Ost describes in detail the basin-like 
widening of the ice-marginal streamway in the area of the Gwda mouth 
(the Ujście—Piła Basin or Ujście Basin), and in the area of the Drawa 
mouth; he assumes then to have been filled with dead ice, as ostensibly  
indicated by kame terraces. On the Baltic terraces, both in the ice- 
marginal streamway and in the basin, post-Baltic terraces w ere incised, 
and melting kettles and subglacial channels appeared.

St. K o z a r s k i and J. S z u p r y c z y ń s k i  (37) have filled the 
last breach existing in the detailed description of the whole length of 
the ice-marginal streamway, by analyzing the terraces situated in the  
Noteć ice-marginal streamway, between the Toruń Basin and the Ujście  
Basin, and by comparing the terraces of both these basins. In the dis
cussed section of the ice-marginal stream way they found remnants of 
the highest ice-marginal stream way terrace, corresponding to the outwash  
terrace of the Brda i. e. to the Baltic terrace of the Gwda, which repre
sents the most ancient run-off in the ice-marginal streamway. C onse
quently, Kozarski and Szupryczyński also confirm the genetic connec
tion between the ice-marginal streamway of the Noteć and the Pom e
ranian stage. St. Kozarski (39) resumes the problem of the terraces in 
the ice-marginal streamway, in the section  between Ujście and Czarn
ków, investigating the outwash plain south of Chodzież and particularly, 
the end moraines in the neighbourhood of Czarnków and Chodzież. They  
have the character of thrust moraines, and the author regards the  
widening in the ice-marginal stream way adjacent to the Chodzież  
moraines in the north, as a terminal depression of the ice lobe, formed  
between the Poznań stage and the Pomeranian stage, somewhat earlier 
Ost expressed the same opinion. J. Szupryczyński (73) determined that 
obvious moraine e levations northwards bordering on the ice-marginal 
streamway, such as e. g. Dębowa Góra, also have the character of thrust 
moraines, containing floe (xenoldth) of the Tertiary clays.

In order to explain the developm ent of the ice-marginal streamway  
of the N oteć in the section betw een the Toruń Basin and the Ujście  
Basin, w e should also take into account the important although unpu
blished contribution by L. S y  t n i k (72), concerning terraces of the 
Łobżonka valley , a tributary of the N oteć ice-marginal streamway south 
of W yrzysk, and a similar contribution by K. K o ż l i ń s k a  (40) con 

http://rcin.org.pl



The Opinions on Formation of Ice-marginal Streamwa.y 15>

cerning the va lley  of the Orla, which at its mouth, joins the Łobżonka. 
Like the above-mentioned terraces of the Klodawka va lley  near Gorzów, 
the terraces of both the latter va lleys  facilitate determination of terrace 
in the ice-marginal streamway.

A  separate group of contributions on the ice-marginal stream way  
represent studies devoted to the m orphology and geo logy  of the bottom  
of the ice-marginal streamway. L i e b e n a u ' s  manuscript contribution  
(47) written in 1885 is the first to supply information concerning a fossil 
v a lle y  within the ice-marginal stream way in the Bydgoszcz region, 
incised into Tertiary sediments and filled with Quaternary deposits, 
M. Z u r a w s k i ' s  comment (86), based on numerous cores of borings  
carried out in Bydgoszcz for building purposes, confirms this discovery.

On the basis of the borings, supervised by J. Pacowska and carried 
out in the ice-marginal streamway of the N oteć river and the adjoining  
moraine plateau on both its banks, near W yrzysk, St. G a d o m s k a  (12) 
has pointed out the existence of three layers of glacial accumulation se 
parated by fluvial and ice-dammed lake deposits. The tw o upiper series  
of glacial sediments belong to the last glaciation. The ice-marginal 
streamway waters connected with the Pomeranian stage of the last gla
ciation have cut into the complex of Quaternary and Pliocene deposits, 
reaching right down to the Miocene. The bottom of the ice-marginal 
stream w ay lying at 3 m. a. s. 1., has been filled with ice-barrage, flu- 
vioglacial, fluvial and organogenic sediments of a total thickness of 
42.5 metres. In the Gorzów Basin, on the other hand, according to the 
above-m entioned research of L. P i l a r c z y k  (62), the thickness of 
deposits, mostly Holocene, filling the bottom of the ice-marginal stream- 
way, reaches 9 m.

On the basis of 1070 peat soundings, T. C h u r  s k i  (10) managed  
to reconstruct, between Bydgoszcz and Santok the surface of the bottom? 
of the ice-marginal streamway from under its covering of organogenic  
sediments showing there alluvial cones of the Noteć and Gwda, melting  
tormes (kettles), river cut offs and aeolian formations. Subsequently, 
analyzing the organogenic sediments, T. Churski indicates the graduaL 

inundation of the ice-marginal streamway pointing out areas where  
stagnant waters had existed from the moment when the waters of the' 
Vistula took a shorter northward w ay  along the va lley  of the Lower 
Vistula

4. From the above survey  of the numerous and varied studies 
carried out hitherto o n  the ice-marginal streamway of the N oteć—  
Warta, a number of conclusions of a more general character may be 
drained.
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a) K. K e i l h a c  k's dammed lake conception has definitely been  
overthrown; according to this concept, there existed, within the ice- 
marginal streamway, dammed lakes co llecting  both m eltwater and 
river water, in particular the Toruń Lake and the Kostrzyn Lake. At 
the same time it has been found that in numerous places of the ice-mar
ginal streamway, more particularly so in the Ujście Basin, in the mouth  
basin of the Drawa and in the Kostrzyń Basin, there accumulated com 
pact m asses of dead ice, preserving vast v a lley  areas from being 
aggraded by material carried by the ice-marginal streamway and by  
outwash waters.

Consequently, differences are clearly in evidence as to the origin  
of various basins or widenings of the ice-marginal streamway, parti
cularly these situated between the Toruń Basin with its numerous flu
vial terraces, its re latively  few  m elting forms, and its isolated moraine 
plateau on the one hand and, on  the other hand, the Kostrzyn Basin 
with its w ide v a lley  floor, once filled with dead ice  and showing rela
t ive ly  few  terraces, the latter of which have, in the opinion of the aut
hors above mentioned, m ostly the character of kame terraces. Both the 
U jście Basin and the Drawa Basin connect, in an indirect way, the  
features of both extrem e basins representing wide-spread v a lley  
junctions.

b) It appears that the ice-marginal streamway, cutting through nu
merous previously formed outwash plains, forms a compact morpho
logical unit, even  though lit is  com posed of genetically  different segments. 
Indeed, drainage, by the ice-marginal streamway went forth in a more 
complicated, more evolutionary, w ay  than had hitherto been assumed.

c) The genetic connection betw een the Pomeranian stage of the last 
glaciation and the ice-marginal streamway, through the outwash tracks 
of the Brda, Gwda and Drawa and a number of smaller outwash valleys,  
has definitely been established, and in the ice-marginal stream w ay the  
main terrace corresponding to this ice-marginal stream way (proglacial) 
phase has been investigated. H. Louis called this terrace ,,Urstromtal
terrasse", H. Liedtke „Hauptterrasse", H. G. Ost the Baltic terrace, 
R. Galon the outwash terrace, St. Kozarski and J. Szuipryczyński simply  
the upper terrace.

d) The upper terrace of the Toruń Basin, formerly misnamed ice-mar
ginal stream way terrace, or ev e n  considered the bottom of an dammed  
lake, was not formed until the waters of the Vistula already partly made 
their w a y  (bifurcation!) northwards, to the Gdańsk ice-dammed lake. 
Therefore, this terrace is younger than the Pomeranian stage.

e) In the ice-marginal stream way there appear a considerable num
ber of younger v a lley  terraces, connected with terraces of subsidiary
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v a lley s  of tributaries 1 0  the ice-marginal streamway, in particular the 
v a lley s  of the Drwęca, Brda, Gwda, Drawa, and several smaller ones.

f) From more recent investigations of H. Liedtke it appears that the 
v a lley  watershed in the ice-marginal streamway, situated west of Ebers- 
walde, is not the result of some minor tectonic uplift (some 4 to 6 high), 
but concurs with the alluvial cone of the H avel river which here 
entered the ice-marginal streamway from the north. Thus w ere thwarted  
th e  arguments in favour of the previous theory, accepted also with 
regard to other v a lley  w atersheds on the glacial lowland, such as the 
watershed between the Brda and N oteć in the ice-marginal streamway  
w est of Bydgoszcz. However, in my opinion it should be emphasized  
that the cone of the H avel river built near Eberswalde in the marginal 
stream way could in no manner be the cause of turning the waters north
wards into the present-day va lley  of the Lower Odra river — but that 
it rather might be the effect brought about by this diversion.

5. M ay w e assume that the studies of the N oteć—Warta ice-marginal 
streamway, as presented above, fully so lve  the hitherto d scussed  
geom orphological problems, and are further investigations jusli'isd?  
There can be no doubt that we now  posess a morphological picture oi 
the entire ice-marginal streamway (within narrower boundaries), since 
St. K o z a r  s k i  and J. S z u p r y c z y ń s k i  recently investigated  the 
section of the ice-marginal streamway between the Brda and the Gwda, 
while H. L i e d t k e  threw new  light upon the development of the 
Late-Pleistocene v a lley  junction in the area of the Kostrzyn Basin.

The below-m entioned problems, however, continue to remain unsol
ved, and desirable seen  to be the following studies:

a) an 'exact investigation of the structure of the Pleistocene and 
H olocene terraces within the ice-marginal streamway and its tributary 
valleys, as w ell as a description of the sediments filling the bottom of 
the ice-marginal streamway, in order to define the successive  d evelop 
ment stages of the entire ice-marginal streamway including both its 
extrem e v a lley  junctions i. e. the Toruń Basin and Kostrzyn Basin,

b) further studies, whether the flow of waters in the entire ice-mar
ginal stream way has been simultaneous with the Pomeranian stage,

c) examination of the relation between the diversion of the Vistula  
and the diversion of the Odra,

d) further studies on the part played by dead ice in the development 
of the ice-marginal stream way and of forms within this streamway,

e) investigation of the relation between the ice-marginal streamway  
and the geological structure of its adjoining areas,

2 —  Prace geograficzne
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f) determination of the importance of the ice-marginal stream w ay of 

the Noteć— Warta in the gradual drainage of the v a lley  system  on the 
entire Polish Lowland, both during and after the Pomeranian stage,

g) drawing an exact cartographic picture of m orphological condi
tions of the entire ice-marginal streamway, in particular of its vaT ey  
terraces.

The author of the present paper has been conducting geologica l and 
geom orphological field work in the ice-marginal stream way betw een  
Bydgoszcz and Kostrzyn for a considerable number of years, although  
with numerous interruptions caused by more urgent scientific activ i
ties *. In the meantime, a number of publications have appeared conta
ining the results of new  investigations, frequently coincident with the 
results of the author's ow n  field work (contributions by St. Kozarski 
and J. Szupryczyński), w h ile  other contributions constitute a va lu 
able supplement to the author's own research, and facilitate the dis
cussion of a considerable number of problems (e. g.. contributions 
published by W. Mrózek, L. Pilarczyk, T. Bartkowski).

TERRACES OF ICE-MARGINAL STREAMWAY

In the ice-marginal stream way of the N oteć— Warta there appear 
two kinds of terrace levels, nam ely terraces connected  with the ice-mar
ginal stream way waters, i. e. the run-off of fluvial and outwash waters  
together, thus Pleistocene terraces, and terraces connected with river 
drainage, i. e. H olocene terraces. These same terraces also appear in 
v a lleys  tributary to the ice-marginal streamway, in particular in the 
va lleys  of the Brda, Gwda, Drawa, and in a number of smaller valleys.  
All the terraces in the tributary va lleys  are inclined towards the ice- 
marginal streamway, and in the ice-marginal stream w ay itself t h e /  
incline westwards. O nly within both extreme basins, especially  within  
the, Toruń Basin, the surface of few  terraces is nearly horizontal. In 
v iew  of the Pleistocene origin of the great v a lley  form under discussion, 
and the re latively  small part played by H olocene fluvial processes in 
the further (erosive) transformation of the ice-marginal streamway, 
the description of the terraces deals principally with the ice-m arg‘nal 
stream way terraces proper, and subsequently on ly  with fluvial terraces.

* In the course of my field w ork I have often availed myself of the help of my 
assistant lecturers, in particular of T. C e l m e r ,  M.  L i b e r a c k i  and J.  S z u p r y 
c z y ń s k i ;  to all of them I w ish  to express my gratitude.
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ICE—MARGINAL STREAMWAY TERRACE (V)
OR 18—25-METRE TERRACE

The ice-marginal stream way terrace or outwash terrace represents  
the highest and oldest terrace lev e l  in the ice-marginal streamway; 
on this lev e l  outwash waters once mixed with fluvial (Vistula) waters. 
Near Bydgoszcz, this terrace makes its appearance as outwash terrace 
of the Brda, at an absolute altitude of 80 m., breaking off above the  
middle terrace of the ice-marginal streamway. Here, outwash terrace 
has a rather erosive  character. The boulder clay almost reaches the 
surface of the terrace built of sands with a scanty admixture of pebbles. 
In the ice-marginal stream w ay or, to be exact, in the Toruń Basin 
there is, at first, no continuation of this terrace level. For, indeed, the  
remnant of a terrace discovered  b y  W. M r ó z e k ,  in the midst of 
some dunes (54) south of Bydgoszcz, at an absolute altitude of 75 m., 
probably belongs, contrary to v iew s  formerly held, already to the next  
terrace. It seem s possible that the fragment of a terrace described by  
W. M r ó z e k ,  situated near A leksandrów Kujawski in the ice-marginal 
stream way at an absolute altitude of 81 m., represents the counterpart 
of the outwash terrace of the Brda, and consequently represents the 
oldest bottom of the ice-marginal stream way seen  from the Vistula. 
In the ice-marginal stream w ay w est of Bydgoszcz, on the surface of the 
subsequent terrace, there appear small fragments of this highest ter
race, first described by St. K o z a r s k i and J. S z u p r y c z y ń s k i  (37) 
as an upper terrace (IV). Such remnants have been preserved at Nakło, 
at 77 m. a. s. 1., on the northern bank of the Noteć, and near Laskownica  
(75 m. a. s. 1.), at Borowa Góra (73 m. a. s. 1.) and at Strzelce (72 m. 
a. s. 1.), on the left bank of the Noteć. The previously  mentioned  
remnants in the ice-marginal stream way terrace have a flat surface, in 
places forming slight dunes. Their relative height with regard to the 
subsequent terrace is approx. 5 m.

At Nakło the ice-marginal stream way terrace is built of boulder  
clay, on the left bank of the N oteć of stratified sands. It shows, there
fore, erosive-aggrading features, similarly to the outwash terrace of 
the Brda.

Next w e do not meet any ice-marginal stream way terrace until the 
U jście Basin along the Gwda v a l ley  and, further on, already in the 
ice-marginal streamway, at first on the left bank of the N oteć between  
U jście  and Czarnków, and then already on both banks of this river; 
the ice-marginal stream w ay terrace is partly incised in the moraine 
plateau, and partly in older outwash plains which them selves are inci
sed in the moraine plateau. The absolute altitude of the ice-marginal
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stream w ay terrace in  the neighbourhood of the confluence of Gwda and 
N oteć is som e 70 m. and thus, in the section from the Brda va lley  to the 
Gw)da va lley , the lev e l  of the ice-marginal stream way terrace has 
subsided by some 10 metres (compare terrace long profile, Fig. 11). The 
terrace under consideration downstream of the confluence of the Gwda 
with the N oteć is a continuation of the outwash terrace of the Gwda  
w hich from the east is joined by the N oteć ice-marginal stream way  
terrace. Just like the N — S section of the ice-marginal stream way below  
Ujście is a continuation of the outwash v a lley  of the Gwda. It is on ly  
below  Czarnków that the ice-marginal streamway once more regains its 

proper E— W  direction.

The geological structure of the outwash terrace in the neighbourhood  
of Piła is illustrated by the following three exposures.

I) Exposure in the terrace (from the top):

a) 0.85 m. sand, obviously  limonitized, w ith  numerous pebbles and gravel,
b) 1.17 m. light yellow, m edium-grained sand loccally with coarse-grained sand 

a n d  gravel,

c) 0.80 m. pebbles, gravel and sand w ith  rounded grain,

d) approx. 1 m. fine-grained light-yellow sand, downwards pass ing into a layer 
of boulders (fist size or bigger, rounded) and gravel. Nearby, in the neighbourhood 
exposure, there  lies under the above-m entioned gravel:

e) 0.50 m. stratified deposit, a l te rna te ly  more sandy or more silty, u n d e l a in  by  
a layer of s tone pavement,

f) light-coloured, fine-grained or very  fine sand.

The layers a —< d probably represent outwash deposits, while the  
layers, c learly  contrasting with the higher layers both as to colour, 
size and uniformity of grain, belongs to intermoraine fluvioglacial d e 
posits, deprived of its moraine covering due to its having been desr 
troyed by outwash waters. In still another exposure a large boulder  
of 1 m. diameter has been found as ev idence of the erosive  action of 
outwash waters and of the destruction of the ground moraine.

II) A long the boundary line between the outwash sand terrace and 
the next (transition) terrace, the outwash terrace presents a different 
structure (see Fig. 1):

a) 2.5 m. outw ash sands (with pebbles),

b) approx. I m. compact boulder clay w ith blocks,

c) undernea th :  l ight-coloured interm oraine sands,

resembling those described above in items e) and f). Here the moraine  

clay  has been preserved.
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In other places within the outwash terrace south of Piła, outwash  
material in the shape of coarse-grained sands and gravels has also been  
observed. On the surface of the terrace a weH-formed fist-size ventifact 

has been found too.

Ill) The structure of the outwash terrace near Romanowo. Here was 
found, in downward order:

w E

76m

69 m

63 m

56m

Fig. 1. Terraces of Lower Gwda valley  (a te rrace peninsula)

1 — outwash sands with pebbles; 2 — boulder clay; 3 — inter-moraine (f luvioglacia l) sands; 4 — ice-

boulders on the surface of terrace I. For Roman numerals  see  description  on p age  51.

a) 1.60 m. stratified sand and gravel, up to 3 mm. diameter, subrounded, with 

pebbles up to 2 cm. diameter, and larger,

b) 0.30 m. gravel, w ith  numerous pebbles showing pavem ent features,

c) underneath , a t 1.90 m. from the surface, there  begin fluvioglacial series of
coarse-grained sands. Lower still the slope reveals

d) dark-grey  boulder clay.

Below the westward turn of the ice-marginal streamway, the outwash  
terrace appears in broad areas on both sides of the river at an aliitude  
from 65 to 60 m. a. s. l .( reaching the mouth of the Drawa at the same 

level. The geological structure of the terrace of the ice-marginal 
stream way is illustrated by an exposure at Gulcz (65 m. a. s. 1). 
Limonitized sand, 0,2 to 0,5 mm. diameter, w th  well-rounded
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gravel (1 mm. and more), has been found here; pebbles of several cm. 
diameter also occur here. At a depth of 2.5 m. a pavem ent appears. On 
the surface of the terrace a great number of boulders and pebbles m ay  
be seen, among them a ventifact. The boundary line between the ice- 
marginal stream w ay terrace and the next, the so-called transition  

terrace, is indistinct.

On the lower Drawa, within the v a lley  basin, the outwash track of 
the Drawa joins the ice-marginal streamway terrace, breaking off 
above the low er terraces at an altitude of 60 m. a. s. 1. G. H. O s t  was  
the first to demonstrate that the outw ash terraces of the Gwda and  
Drawa are continued in the ice-marginal stream way terrace. Between  
the Warta and Noteć rivers, this terrace, constitutes a peninsula, also  
called the Warta— N oteć interfluvial peninsula, reaching from Czarn
k ó w  to the confluence of the Noteć and Warta. The larger part of this 
terrace is covered  by  dunes. At the western end of the terrace pen in 
sula, the ice-marginal stream way terrace has low ered its lev e l  to  
46 m. a. s. 1. It is here that the terraces of the ice-marginal stream w ay  
of the Noteć joins the terraces of the Warta valley .

A dditional insight into the geological structure of the ice-marginal 
stream way terrace at the western edge of the terrace peninsula is ga i
ned by an exposure at Skwierzyna-Gaj. On the flat surface of the terrace  

a considerable number of large boulders, of up to 1 m. diameter, and of 
pebbles may be seen, representing a moraine residuum. The profile 
reveals, from top to bottom:

a) 0.70 m. coarse-gra ined  sand w ith  gravel and  boulders, strongly  limonitizsd,

b) 0.50 m. stratified, light yellow, coarse-grained sand and  gravel, w ith  a discon- 
form (discordant) structure,

c) 0.10 m. com pact stone pavem ent, rounded  boulders (head size and  smaller), 
w ith  s trongly  limonitized sand.

d) abou t 1 m. light-coloured, fine-grained stratified sand, cut obliguely by  the 
superim posed pavem ent. Dip of s tra ta  ±  24° w estw ards,

e) 0.10 m. layer of pavem en t — rounded head-size boulders,

f) 0.55 m. sand, as in layerd,

g) un d ern ea th—sand w ith  gravel and  pebbles (moist, due to proxim ity  of im per
v ious layer).

C lose b y  there is a fresh brick-yard pool. In this pit, 5 m. below  
the surface, one can see:

2.5 m. sand  gravel and  pebbles — probably  an  ice-marginal s t ream w ay  deposit 
corresponding  to layers: a to c,

2.5 m. light-yellow sands, as in d, resting  on a pavem ent and on la rge  boulders
np to 1 m. diameter. Underneath, as a continuation  of the preceding profile:

http://rcin.org.pl



Ice-marginal Streamway Terrace (V) 23

h) typ ica l grey  and chocolate-brown va rv ed  clays exac t ly  stratified, of 4.5 m. 

thickness,
i) low er cross-bedded, light-coloured sands w ith in tercalations of silty  sands.

This profile shows that the ice-marginal streamway terrace is of an 
erosive, or erosive-aggrading character; the layers from: a to  c rest, 
after the destruction of the moraine layer (boulders!) disconform ly on  
fluvioglacial sands containing lenses  of varved clays (a ice-dammed  
lake!).

At Polichno, in the northwestern angle of the terrace peninsula, 
w here the ice-marginal stream way terrace lies at 46 m. a. s. 1., rising 
som e 20 m. above the bottom of the ice-marginal streamway, the follo
w ing strata are revealed:

a) 6 to 8 m, stratified sand, res ting  on a stone pavement, underla in  by
b) b row n moraine clay w ith  boulders.

A  similar geological structure appears in the ice-marginal stream way  
terrace at Lipki W ielkie, w hile  at Brzozowiec (43 m. a. s. 1.), situated  
w est of the Warta, yellow -brow n boulder clay appears d irectly on the 
terrace surface (probably partly due to the proximity of the slope), in 
its turn covering varved clays.

In the section betw een the confluence of N oteć and Warta, and of 
Warta and Odra, there extends the most westward part of the ice-mar
ginal stream w ay terrace in the Noteć— Warta ice marginal streamway; 
this terrace has an altitude of but 35 m. a. s. 1. on the southern bank 
of the Warta near Słońsk, and as little as 32 m. a. s. 1. north of the  
Warta. It seems probable that the terrace fragment situated north of 
the Warta river, near its confluence with the Odra, at 31 m. altitude, 
already belongs to the next (transition) terrace, or to som e intermediate  
terrace lev e l  (of erosive  character). In this section too, the ice-marginal  
stream w ay terrace is, on a considerable stretch, covered b y  dunes 
which constitute a continuation of the dune field ly ing  in the area 
between the Warta and Noteć rivers. M oreover, here appear numerous 
irregular kettle remnants after melted dead ice, particularly charac
teristic of this w estern part of the ice-marginal streamway.

In the neighbourhood of Słońsk, the outwash terrace is built of stra
tified sands and gravels; the surface of the terrace is m ostly  flat, here 

and there diversified by  closed depressions.
The above description proves that the ice-marginal stream way  

terrace has a rather erosive, or e lse  erosive-aggrading character. The 
thickness of fluvial sedim ents on the top of this terrace is no more than 
some 1 to 2 m., w hile underneath the stone pavem ent underlying the 
mentioned above fluvial sediments there appear boulder c lay  or flu-
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vioglacial and ice-dammed lake deposits. In several places, boulder 
clay rises to the very  surface of the ice-marginal streamway terrace, 
or moraine residues in the shape of boulders appear on the surface 
of the terrace. Some of these boulders ly ing on the terrace surface show  
aeolian sculpturing; this is in agreement with the climatic conditions 
in which the ice-marginal stream w ay developed, situated in the fore
land of the inland ice.

In order to establish the continuity of the ice-marginal stream way  
terrace and to eliminate unsuitable terrace fragments from its picture, 
a granulometric exam ination of terrace sediments was made from sumę 
more important places of this terrace. These measurements w ere carried 
out by Mr. W. S t a n k o w s k i  in the Sedim entological Laboratory of 
the Geographical Institute of the Adam M ickiewicz U niversity in Po
znań. Quartz grains w ere analyzed, chosen from the coarsest fraction, 
i. e. 0.8 to 1.0 mm. diameter. From each sample one hundred grains 
were selected, and the index of roundness of the material w as esta 
blished by means of a photographic projector, according to K u e n e n,

2 r
by applying the formula: P = ~j~ ; here 2r denotes the diameter of a c r-

cle inscribed into the most acute corner of the grain shape, while  
1 denotes the largest perpendicular to the long axis of the grain. The 
indices of roundness of the grains found in these samples are compiled  
in a table show n on page 53. They w ere obtained in the follow ing way.  
Angular and semiangular grains w ere separated out, choosing index  
300 as upper limit. From the ratio of grains with indices above 300 to 
grains with indices below  300, there results the mean index for the 
sample in question, and consequently the intensity of the degree of 
rounding of the deposited material. The results obtained are shown in 
the form of a graph (Fig. 7). From this graph it results that throughout 
its whole length the ice-marginal stream way exhibits a continual in
crease ofl rounding, undisturbed by amalgamation of new  outwash tracks 
on the way. This m ay be considered proof of the contemporaneous  
existence of the outwash of the Brda, Gwda and Drawa, as w ell as of 
equal lengths of all these outwash tracks.

The r e l a t i v e  h e i g h t  of the main terrace of the ice-marginal 
streamway varies betw een 25 m. for the Brda, and 20 or even  18 m. 
near the confluence of the Warta and the Odra, taking into consi
deration the water leve l of the Noteć and the Warta.

WThere are w e to look for the continuation of the ice-marginal stream 
w a y  terrace in the Kostrzyn Basin and the v a lley  of the Lower Odra? 
As mentioned above, the ice-marginal streamway terrace cuts its w ay  
through older outwash plains, connected with the nearby end moraines.
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These older outwashes are incised in the moraine plateau too, causing  
them to resemble terraces within the ice-marginal stream way (for in
stance, the outwash plains in the N — S section of the ice-marginal 
streamway, downstream from the confluence of the Gwda and the N o 
teć, absolute altitude 74 m.); at any rate, however, due to fluvial erosion  
they break off above the ice-marginal streamway terrace.

The problem of the relation between the older outwash plains and 
the ice-marginal stream way terrace described is particularly compli
cated in the Kostrzyn (Küstrin) Basin. Recent research in this region, 
conducted by H. L i e d t k e  (48), has shown that during the principal 
phase of the Pomeranian stage there was no continuous course of the  
ice-marginal streamway, but instead there did exist severa l tracks of 
outwashes which today break off above the Kostrzyn Basin, w hile once  
they tended towards the W arsaw — Berlin ice-marginal streamway, f lo 
wing over the surface of dead ice which filled the bottom of the Basin 
and further on, cutting into the moraine plateau. The meltwater of the  
Pomeranian stage, collected in the region of the present Lower War a 
valley , flowed aw ay southwards to the W arsaw— Berlin ice-marg n i l  
streamway, using as channels the present gap v a lley  of the Odra, i. e. 
the original fluwioglacial channel, as w ell as some smaller v a lley s  east 
of the Odra valley. The continuation of the outwash plain of the Pom e
ranian stage, taking its beginning near M oryń (the Moryń outwash) and 
breaking off near the Kostrzyn Basin, along the line Czermin— Gozda- 
w ice— Siekierki— Stara Rudnica, at altitude 57 to 58 m. a. s. 1., is to be 
seen in the fluvioglacial channel, the later valley, called Rotes Luch, 
which leads to the W arsaw — Berlin ice-marginal streamway. The 
meltwater which accumulated in front of the end moraines situated cn  
the v a l ley  island of N euenhagen (east of the mouth of the F inow va ley), 
probably also flow ed aw ay in this direction, since the present-day  
ice-marginal streamway section near Niederfinow must have been filled  
with dead ice.

Iti is only the outwash sands which developed in front of more 
westward end moraines of the Pomeranian stage, i. e. in the neighbour
hood of Liepe, Chorin, Joachimstal, known as M önchsheide and Schorf- 
heide, that reach the ice-marginal streamway near Eberswalde at Ihe 
altitude of 47 to 45 metres, breaking off, by on erosive scarp, above the 
bottom of the ice-marginal streamway (36 to 38 m. a. s. 1.), further wzst 
aggraded by the alluvial cone of the H avel to the altitude of 40 m. a. s. L 
O nly south of the F inow  river, erosive remnants of outwash sands, 
kettles and other forms originated by dead ice have been preserved. 
Consequently, the bottom of the ice-marginal streamway, incised in  
the above-mentioned outwash plain connected with the main end mo-
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raine of the Pomeranian stage, is younger than the outwash, the waters  
of which flowed westwards a long the oldest ice-marginal streamway; 
and this bottom must have been formed at a later period, i. e. after the  
principal phase of the Pomeranian stage.

There now  arises the question at what time the ice-marginal stream
w ay  in the neighbourhood of the Kostrzyn Basin started to function in 
a steady manner, and which terrace leve l illustrate this particular phase? 
In accordance with the research carried out b y  H. Liedtke and others, 
the bottom of the ice-marginal stream w ay near Eberswalde lies at 
a le v e l  of 36 to 38 m. a. s. 1. S ince the lover most fragments of the  
ice-marginal stream w ay terrace of the Lower W arta lie at the altitude  
of 35 m. a. s. 1., any connecting of the ice-marginal streamway terrace  
along the Lower Warta with the higher situated bottom of the ice-mar
ginal stream way in the Eberswalde Gate is out of question. Similarly, 
the terrace remnant on the w estern  side of the Kostrzyn Basin near 
W riezen (35 m. a. s. 1.) l ies  too low  with regard to the bottom of the  
ice-marginal stream way near Eberswalde. One small terrace step only, 
near Niederfinow, on the edge of the Eberswalde ice-marginal stream
w a y  section, lies  at the altitude of 32 m. a. s. 1. In H. Liedtke's opinion, 
a tectonic uplift in this p lace is beyond all question. Consequently, the 
bottom of the ice-marginal stream w ay in the Eberswalde ice-marginal 
streamway is older than terrace of the ice-marginal stream way along  
the Lower Warta.

Next arises the question, what outwash plain should be looked upon  
as connected with the ice-marginal stream way bottom west of the Odra, 
situated at the altitude of 36 to 38 m. a. s. 1. H. Liedtke is of the opinion  
ithat, just as in the main phase of the Pomeranian stage during the  
subsequent phase of glacier retreat, w hen the melting dead ice had 
lowered its lev e l  in the Kostrzyn Basin, tracks of outwashes passed  
over these plains, but already at a low er leve l.  The M yślą outwash  
breaking above off the Kostrzyn Basin at the altitude of 40 m. a. s. 1. 
continues on the bottom of the ice-marginal stream way of Eberswalde, 
at the altitude of 37 m. The outwash which breaks off over the Basin 
in the neighbourhood of W itnica at 42 m. altitude also continues its 

-course in the ice-marginal streamway. W est of the Odra v a lley  there  
extends an outwash track com ing from Angermünde and traversing the 
end moraine of the Pomeranian stage, after entering the Eberswalde  
ice-marginal streamway. This outwash plain constitutes it 'proper bottom, 
at the altitude of 36 to 38 m. Consequently, the existence of the bottom  
of the Eberswalde ice-marginal stream w ay is connected with outwash  
drainage of younger age than the principal phase of the Pomeranian  
'Stage.
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A  number of authors connect the formation of the true v a lley  floor 
w est of the Odra with the recession phase, of the Pomeranian stage, or 
the Angermünde phase, the marginal forms of which extend on Polish  
territory from Raduń on the Odra towards Chojna w here they  gradually  
vanish. Other authors assume an even  younger recession  phase. W h ate 
ver the cause, the outwash plains, older than the ice-marginal stream
w a y  terrace in the N oteć—W arta ice-marginal stream w ay and younger  
than the outwash sands of the principal phase of the Pomeranian phase, 
are ev idence of the non-simultaneous deglaciation within the lobe of the 
Odra and of the lobes of inland ice further east. At the time when the 
Odra lobe had already considerably shrunk, the inland ice continued to 
occupy in the east its largest, or nearly largest, stadial area. This fact 
has been pointed out, among others, by H. O s  t.

Consequently, the ice-marginal stream way terrace in the N oteć—  
Warta ice-marginal streamway, connected with the outwash terraces  
along the Brda, Gwda and Drawa rivers at the time of the Pomeranian  
stage and reaching the line of the Odra at the altitude of 32 to 35 m. a. 
s. 1., is not continued on the bottom of the ice-marginal stream w ay in the 
so-called Eberswalde Gate, situated at 36 to 8 m. a. s. 1., but must be 
connected  with a run-off a lready directed northwards within the Lower 
Odra valley . For, indeed, the small terrace step at 32 m. absolute alti
tude found in the neighbourhood of Niederfinow, can only  considered  
a short-lived trace of an exceptionally  high flood of waters flowing  
westwards from the N oteć—5Warta ice-marginal streamway, possibly  
due to som e bifurcation.

According to German research, there appear, on the v a l ley  island of 
Bralitz— N euenhagen and further along the Lower Odra a number of 
terrace fragments, w hich m ay be considered a continuation of the ice- 
marginal stream way terrace in  the N oteć—Warta ice-marginal stream
w ay  (see map, Fig. 10, and long profile of terraces, Fig. 11). First of all, 
on the above-m entioned v a lley  island of Bralitz— N euenhagen  a terrace 

surface extends at 32 m. a. s. 1., considerably variegated by kettles (just 

as in the neighbourhood of Słońsk), and built of sands and gravels,  
inclining northwards and over 3 m. thick. Thus, these deposits forma
tions correspond to those of the ice-marginal streamway, such as occur, 
for instance, near Słońsk.

Since long the presence of obliquely stratified sands and gravel of 
varying thickness resting on an erosive  surface of boulder clay, has  
been observed in m any places of the terrace field in the neighbourhood  
of Hohensaaten. The surface of this terrace peninsula presents a slip- 
off (meander) surface, variegated by kettles and falling from 30 m. a. s. 1
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in the west to 10 m. a. s. 1. in the east, on the Odra, — probably prcof 
of a rapid subsidence of the base — leve l of erosion. At any rate, in
distinctly terrace steps may be observed; the highest of them ly ing  at 
30 m. altitude, may be a continuation of the ice-marginal stream way  
terrace under discussion Finally —  as mentioned by H. Liedtke —  in the 
Randow valley , which branches off from the Lower Odra v a lley  near 
Schwedt in a northwesterly direction towards the Szczecin ice-dammed  
lake, there appear near Blumberg on a leve l of about 20 m. a. s. 1., 
remnants of a terrace, which may be considered a continuation of the 
terrace of the ice-marginal streamway, the oldest northward run-off 
of the Odra, together with the waters from the N oteć—Warta ice-mar
ginal streamway. This is the ice-marginal streamway, called by  
H. Liedtke the N oteć— Randow ice-marginal streamway which, in the 
area of the N oteć—Warta ice-marginal streamway, was fed by melt- 
water rivers from the inland ice surviving, in the east, in the Pomera
nian stage. In the west, on the other hand, w here the Odra lobe had  
already retreated while melt water collected in the Szczecin ice-dammed  
lake, the combined waters of the Odra, flowing from the south, and the 
ice-marginal stream way waters from the east, already flowed north
wards in an ancient subglacial channel, as ice-marginal streamway, 
into an ice-dammed lake, from which they  escaped westwards through  
one of the Mecklenburg ice-marginal streamways *.

To this same phase of developm ent belongs the terrace lying at 35 m. 
altitude, adjoining the w estern side of the Kostrzyn Basin near WTriezen, 
resembling a kame terrace. So far it has proved impossible to connect 
this terrace with the higher-lying bottom of the Eberswalde ice-marginal 
streamway (36 to 38 m.). H. Liedtke has explained that the W riezen  
terrace already belongs to the phase of the Noteć-Randow ice-marginal 
streamway, and that if represents the bottom of the oldest northward  
flowing waters of the Odra.

The author of the present paper has had the opportunity ** of ex a 
mining the more important exposures in the ice-marginal stream way  
terrace on German territory, and to express his view point as to German  
opinions particularly those of H. Liedtke concerning the run-off of 
ice-marginal stream way waters northwards and, subsequently, along the 
valley  of the Randow. On the above mentioned terrace peninsula at 
Hohensaaten, in a gigantic gravel-pit, located in the area of the ice-mar
ginal siream way at approximately 30 m. a. s. 1., the following deposits  
appeared:

* Probably through the M ecklenburgisch-Pom mersches Grenztal.
** During an excursion to the G erman Democratic Republic, from A ugust 26th 

to September 6th, 1960.
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a) 2 m. fluvial sand w ith  gravels and boulders,
b) 0.5 m. residual moraine pavement,
c) fluvioglacial deposits, comprizing unequigranular sands stra tified  a lterna te ly  

horizontally  and obliquely.

NNE SSW

Fig. 2. Exposure in ice-marginal s tream w ay te rrace  in the Randow valley  in the 
neighbourhood of Bagemiihl (German Democratic Republic)

a — unequigranular with preponderance of coarsegrained sands; b — boulder p avem ent in form of wel l-  

rounded boulders, up to 20 cm diaj c — discordantly underneath pavement, ser ies  of stratified sands

interbedded by layer  of grave l

A  similar erosive  character shows the most distant fragment of an 
ice-marginal stream way terrace, situated at Bagemiihl in the Randow  
v a lley  (approximately 20 kilometres north of the terrace fragment at 
Blumberg). On the flat wooded surface of this terrace (approximately  
18 m. a. s. 1., see long profile of terrace, Fig. 11) w e note, on first sight, 
collected heaps of larger boulders. In this exposure appears (Fig. 2):

a) 0.5 m. unequigranular sands, with prevalence of coarse-grained sands in lower
part,

b) 0.3 m. coarse g rav e l  w ith  boulders (up to 20 cm. diameter). The material is 
well rounded. Between sands and pavem ent there is  a c learly  m arked  erosive surface,

c) fluvioglacial deposits, intercalated by a 15 cm. layer of g ravel w ith  boulders.

In both exposures described above w e note traces of a norlh-wards 
flow of ice-marginal waters along the Lower Odra v a lley  and, further 
on, the Randow valley . These waters have incised in the moraine pla-
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teau. Their deposits rest on a series of fluvioglacial sediments, deprived  
of the hanging covering  of boulder clay. A  remnant of the latter consists  
of a stone pavem ent Mid down betw een  the ice-marginal streamway  
(fluvial) deposits and a series of fluvioglacial deposits.

The aggraded material building the surface of the ice-marginal 
stream way terrace at Bagemühl represents from a granulometrical 
point of view, the continuation of the deposits found on this terrace in 
the N oteć—Warta ice-marginal streamway, and shows a corresponding  
increase in rounding (Fig. 7).

Ultimately, in the light of our analysis of the ice-marginal stream
w ay  terraces, w e  observe a Pleistocene v a lley  —  track, beginning in 
the Vistula v a lley  above Toruń and fed from the north by outwash  
terraces of the Pomeranian stage; this track proceeds, along the Odra 
and Randow valleys, in the direction of the shrinking Odra ice lobe. 
On the section from Toruń, w here the ice-marginal streamway terrace  
appears at 81 m.a. s. 1., to Bagemühl in the Randow valley , where, so far, 
the low est fragments of this terrace have been determined at the alti
tude of som e 18 m. a. s. 1., the bottom of the ancient ice-marginal stream
w a y  falls 63 m. which, assuming the distance to be 458 km., equals 
a gradient of 1 : 7270. After reducing the Toruń—Bydgoszcz section, 
with its negligible gradient, the above ratio becom es 1 : 6420.

The traces left of the older phases of the ice-marginal streamway, 
m ostly represented by outwash plains, are survived in the area of the 
biaher-lying Eberswalde ice-marginal streamway, west of the present- 
day Odra. In the Warta ice-marginal streamway, east of the present-, 
day Odra, there are elevated  outwash tracks, breaking off above the 
ice-marginal streamway. These outw ashes undoubtedly once fed the 
ice-marginal streamway, flowing westwards, towards the Eberswalde 
Gate, and southwards, into the W arsaw — Berlin ice-marginal streamway. 
Probably, from this sam e period are derived the outwash plains which  
extend in the Warta ice-marginal stream way along its southern side 
at a lev e l higher than the ice marginal stream way terrace (see geom :r-  
phological map, Fig. 10).

TRANSITIONAL ICE-MARGINAL STREAM WAY TERRACE (IV),

OR 15—22-METRE TERRACE

The author’s field investigations revealed  along the Lower Brda 

v a lley  a terrace surface, cut direct in the outwash terrace which, as 

described above, is continued in the ice-marginal streamway terrace. 
This terrace, called terrace X, first appears for the first time north of
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Koronowo, on the right bank of the Brda river, at 88 m. a. s. 1.; even  
so, it seem s quite possible that once this terrace has extended further 
upstream the Brda river. It clearly  show s an erosive character. Near the  
ice-marginal streamway, the relative height of this terrace with regard  
to the Brda is 34 m. The X terrace, cut in  the outwash terrace of the 
Brda, represents the phase of the forming of a fluvial run-off on the 
previous outwash track running along the present-day Brda valley ,  
during the period preceding the northward diversion of the Vistula  
waters to the Gdańsk ice lake. H ence the term transition terrace.

In his paper on the outwash plain and the v a lley  of the Brda (18), 
the author w as inclined to connect the terrace lev e l  of 75 m. altitude, 
partly revealed  from under its dune covering in the neighbourhood of 
Trzciniec south of Bydgoszcz, with the outwash terrace of the Brda. H o
w ever, in v ie w  of hypsometrical and granulometrical considerations, it 
seem s more probable that this is rather a remnant of a transition terrace 
eroded in the area of the Toruń Basin, a terrace which has survived  
in numerous places in the Noteć— Warta ice-marginal streamway. Tne 
same applies to the terrace remnant of 77 to 78 m. a. s. 1., situated north 
of Toruń in the neighbourhood of Lulkowo. The largest compact area of 
the transition terrace, of an absolute altitude of 70 m., extends w est 
wards in the immediate neighbourhood of the Toruń Basin, along side  
of the N oteć river from the region w here it enters the area of the 
ice-marginal stream way (see map Fig. 10 and long profile of terrace3, 
Fig. 11). In this region this terrace is situated barely 2 to 3 m. above the  
next terrace, called  the upper terrace, w hich occupies the better paTt 
of the Toruń Basin and which, in v iew  of its negligible gradient, w as  
previously  considered the bottom of the Toruń dammed lake. There can  
be no doubt, however, that the 70-metre surface south of Nakło is older 
than the terrace mentioned previously, if for no other reason than the  
fact that the 70-metre terrace constitutes the imm ediate morphological 
base of th e  remnants of the ice-marginal stream w ay terrace, described  
by St. Kozarski and J. Szupryczyńskd (37). H owever, a s  show n by the  
author (18) terrace IX of the Brda v a lley  is the first that can be corre
lated with the upper terrace of the ice-marginal streamway (Toruń 
Basin), and, at the sam e time, w ith  the upiper terrace of the Lower 
Vistula valley . A  fragment of this terrace, erosive ly  incised in the tran
sition terrace, of 67 m. absolute altitude, appears at Paterek, on the 
southern side of the ice-marginal streamway. In this respect the author's 
view s differ from those o f St. Kozarski and J. Szupryczyński, w ho con 
nect 70-metre terrace from the neighbourhood of Nakło which they call 
the middle terrace, with terrace IX in the Brda v a lley  and the Lower  
Vistula valley .
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A s mentioned before, the transition terrace occupies a considerable 
area in the ice-marginal stream way section betw een  Nakło and W y 
rzysk, reducing its altitude from 70 to 65 m. a. s. 1. This terrace is m ostly  
found south of the Noteć, noticeable on the northern bank of this river 
only by small steps. The terrace islands westwards of Nakło, in the 
neighbourhood of Jadwiżyn, already belong to the next terrace level.  
The surface of the transition terrace on which boulders as w ell as finer 
material occurs, shows a considerable number of shallow (kettles) the 
largest of which is a peat-filled depression in the neighbourhood of the 
Sipiory village. Numerous lakes occuring in this terrace have bean in
vestigated by both the above-m entioned authors; they ascribe the origin  
of these lakes to kettles formed by melting dead ice. Here and there on 
the transition terrace surface appear flat e levations of several metres' 
height (Polichnowo, Nadolnik); they seem to be wasted remnants of the 
terrace mentioned above, i. e. the ice-marginal stream way terrace. 
Moreover, on this terrace numerous dunes* may be observed, concen 
trated particularly south of Nakło and east of Sokolec.

In many places of the edge of the transition terrace layers of strati
fied coarse gravel and pebbles of fluvioglacial origin appear. The 
thickness of these fluvioglacial deposits often exceeds 10 m. O ccasio 
nally boulder clay occurs in the edge of this terrace, e. g. along the 
Paterek— Kowalewko road, or at Polichnowo, w here gravel and boulders 
lie  on the clay. On the other hand, at Józefkoiwo and M ieczkowo appear 
beneath a layer of sands, underlying by a residual, loca lly  stratified 
stone pavement, l luvioglacial sands of varying bedding. At P au lna ,  
remnants of moraine c lay  rest with boulders on the above lluvioglacial  
series. At Szamoty near Szamocin, on a leve l of 67 m. a. s. 1., terrace  
sands cut off a layer of varved  clay and, farther aw ay  from the edge, 
of moraine clay containing aggradation pockets. Similarly, at Strzelca 
(north of W yrzysk) the transitional terrace is built of moraine clay.

In accordance with the opinion expressed by St. Kozarski and 
J. Szupryczyński, who in their contribution g ive  a similar description  
of the transition terrace (which they call the middle terrace) in the d is 
cussed va lley  section it should be stressed that this terrace, in common  
with the higher situated ice-marginal stream way terrace, is incised in 
Pleistocene deposits consisting either of moraine clay  or of fluvioglacial  
sands (and varved clays) covered by remnants of moraine clay  or by  
residual stone pavement. These deposits are overlain  by a layer of 
fluvial sands of approximately 1 metre thickness. Consequently, in the

* These dunes have been described by C. I r l a  (24).
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Nakło— W yrzysk  section the transition, terrace revea ls  the feature of 
a cut-and-fiill terrace.

In the Ujście Basin the transition terrace recedes farer away. It has 
been  identified in remnants appearing west of Dziembówko, on the 
outwash terrace of the Gwda river and in the eastern side of the Basin, 
as w ell as south of Piła next to the western part of the Basin, near 
W rzącko. At any rate, the transition terrace accompanies the outwash  
terrace of the Gwda, just as it does the outwash terrace of the Brda, at 
a lev e l  low er by 7 to 11 m. (see map, Fig. 10). On the edge of the transi
tion terrace (64 m. a. s. .1) of Dziembówko, the profile is as fol’ow s  

(Fig. 3):

E W
m

15m

Fig. 3. Exposure in ice-marginal s tream w ay  transition  terrace at Dziembówko (east
of Piła)

I — cover  sand and residual deposi ts  after erosion of boulder c lay. Accumulation  pockets;  2 — glacial 

clay,- 3 — stratified fluv iog lacia l  sands of  various fractions;  4 —■ fine-grained  sand with intercalated  

la y e rs  of coarse -grained sand —  dip 32°S; 5 —  sandy silt

a) cover sand deposits, erosion rem nants  of boulder clay, w ith  blocks and 
aggraded  pockets,

b) 0.60 m. boulder clay, w ith  stone pavem ent a t  bottom,

c) 0.50 m. horizontally  stratified fluvioglacial sands, obliquely cutting the 
underlying,

d) stratified and inclined silt layers,

e) horizontally  stratified silts.

3 — Prace geograficzne
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The above-m entioned silt layers have probably developed in the 
large ice-dammed basin, in which were also deposited although further 
westwards, the Piła c lays (see description below). In the transition  
terrace, at Piła (Fig. 1), under a thin cover of sands with pebbles, there  
appear light-coloured inter-moraine sands. Thus here also the transition  
terrace is incised in older Pleistocene deposits.

At Stoba (south-west of Piła) and at W rzącko there appear flat sur
faces with well-marked step at the altitude corresponding to the transi
tion terrace (65 and 63 m. a. s. 1.), In exposures w e  note sands, gravel  
and even  pebbles. A ccording to H. G. O s t (58), these  are cam e terraces  
aggraded by waters which, on one side, w ere w alled in by dead ice. 
Undoubtedly dead ice must have  played an important part in fluvial 
aggradation within the Ujście Basin; proof is the considerable number of 
melting kettles appearing in this area, particularly in the western part 
of the Basin. H owever, the terrace step extending in a sem i-circle from 
the Gwda westwards, is probably of a erosive character; in other words, 
thei terraces of the Gwda w ere probably undercut by water coming  
from the N oteć ice-marginal stream way and turning southwards, in 
accordance with morphological conditions. During the same period  
blocks of dead ice melted which, in consequence, led  to distortion of 
the previous landscape. But, even  if w e accept H. G. Ost's conception, 
it seem s certain that fluvial water depositing material against w alls of 
dead ices must h ave  had a free outflow, since no ice-dammed lake  
deposits are in evidence. Thus it should be assumed that the waters had 
the features of a river flowing along blocks of dead ice, depositing in 
a normal manner part of the material transported.

The transition terrace once more appears though indistinctly, as 
a narrow terrace remnant, at 60 m. a. s. 1., on the right bank of the 
Noteć; further on, it  occupies wider areas in the basin of the  
Lower Drawa. Near Gulcz (west of Czarnków), the ice-marginal 
stream way terrace, here at 65 to 63 m. a. s. 1., show s an indistinct 
transition into a 58 m. a. s. 1. terrace which subsides to 50 m. a. s. 1. 
near the confluence of Drawa and Noteć. This indistinct iruter- 
terrace step  was know n to German geologists already; in mapping the 
region of Krzyż and W ieleń  they called it an outwash step. H. G. Ost 
distinguishes an external and an internal Baltic terrace; however, he 
erroneously considers the internal Baltic terrace; in  our present termi

n o logy  the transition terrace, to be ice-marginal stream way terrace 
proper.

A  transition terrace also shows along the Drawa river accompanying, 
sim ilarly as on the Brda and the Gwda, the Drawa outwash terrace  
(see map, Fig. 10) and occupying additionally the w estern  part of the
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estuary basin of the Drawa, at the altitude of 56 to 51 m. a. s. 1. The 
m orphological map shows that waters flowing at the leve l of the tran
sition terrace, partly undercut the outwash terrace, and partly also the 
moraine plateau with its end moraines. The previous continuity of the 
transition terrace east of the Drawa river was interrupted by the m el
ting of blocks of dead ice which must have  been existed  in the sub
stratum of the transition terrace. Evidence of the presence of dead ice 
in this period is the characteristic lobate shape of younger terraces 
throughout the area of the basin, first observed by H. G. Ost. In the  
basin w est of the Drawa river the surface of the transition terrace was  
incise|d b y  tributaries of the Drawa and by the latter river itself, at 
a time when its mouth section w as situated farer westwards than it is 
today. South of the Noteć river, facing its confluence with the Drawa 
river, the transition terrace forms, together with the next terrace, 
a clearly  noticeable terrace island.

W ithin the area of the mouth basin of the Drawa, the geological 
structure of the transition terrace, has been identified in numerous 
places. Near Gulcz and Rosko,in the region where at 58 m. a. s. L 
this terrace departs from the ice-marginal stream way terrace the edge  
of the transition terrace is built, right up to its top, of boulder clay. 
In the Rosko— Stępy section (57 m. a. s. 1.) the boulder clay  is overlain  
by a covering  of sand mixed with scanty gravel, of some 2 m. thick
ness, and of a distinctly visible stone pavement. Near the W ieleń  
railway station, in the edge of an altogether flat terrace (55 m. a. s. 1.), 
brown boulder clay also appears under a layer of sand with gravel and 
pebbles. On the other hand, at Drawsko, on a terrace island (50 m. 
a. s. 1.), terrace sands of 1 m. thickness are cutting across underlying  
obliquely stratified fluvioglacial sands, w h ile  at Drawiny, on a terrace 
island (above 50 m. a. s. 1.) situated northwestwards from Krzyż, in the 
terrace ed ge  there is exposed a 4 m. layer of stratified sand with  
pebbles and boulders resting on varved  clay. Thus, identically as in 
the U jście  Basin, the transition terrace has shows here too an erosive,  
or cut-and-fill (erosive-aggraded) character.

Further west, downstream, the transition terrace vanishes. Its coun
terpart in the Warta v a lley  above Skwierzyna, thus before the Warta  
V alley enters the N oteć— Warta ice-marginal stream way proper, is 
a terrace of 42 m. a. s. 1. altitude, also gradually vanishing downstream, 
but extending considerably up the Warta river; here the transition ter
race accom panies the ice-marginal stream way terrace which, as descri
bed above, occupies the better part of the interfluvial area between the 
Warta and N oteć  rivers. In the Gorzów Basin the transition terrace
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has probably been destroyed by  meander erosion of the Warta flowing  
on the leve l of the next v a l le y  terraces. O nly at Hohensaaten, at the 
beginning of the Lower Odra va lley , (see description of ice-marginal 
stream way terrace on page 27) w e  notice, on  the terrace peninsula, 
a meander lev e l of 22 m. a. s. 1., which in my opinion may be considered  
a continuation of the transition terrace (see long profile of terraces, 
Fig. 11), just like, further north, a terrace remnant near Blumberg, in 
the Randow valley , at 13 m. a. s. 1. altitude. Consequently like the ice- 
marginal stream way terrace, the transition terrace uses -the va lley  
track of N oteć—W arta— Lower Odra— Randow, and represents the run
off of the first fluwdal waters on the outwash plains east of the Odra 
lobe and, at the same time, of the waters of both Vistula and Odra. 
This run-off, preceding the northward diversion of the Vistula, continued  
to make its w ay  along the M ecklenburg ice-marginal stream way * 
towards the Baltic ice lake, in v ie w  of the fact that in the mouth region  
of the present-day Odra the inland ice was still receding.

Taking into consideration the w hole length of the transition terrace, 
from the neighbourhood of Bydgoszcz in the Toruń Basin (74 m. a. s. 1.) 
to the remnant of this terrace near Blumberg in the Randow V alley  
(13 m. a. s. 1.) it should be pointed out that, over a distance of approxi
m ately 388 km., this transition terrace falls 61 metres or, almost exactly, 
as much as the fall of ice-marginal stream way terrace (60 metres).

Within the area of the N oteć ice-marginal streamway the r e l a 
t i v e  h e i g h t  of the transition terrace gradually increases, from 
15 m. in the neighbourhood of Bydgoszcz— Nakło to 22 m. in the mouth 
basin of the Drawa. On the terrace peninsula of Hohensaaten this height 
is 20 m.

The g r a n u l o m e t r i c  a n a l y s i s  of the deposits of the tran
sition terrace (within Polish territory), carried out by WT. S t a n k ó w -  
s k i in the Sedimentological Laboratory of the Geographic Institute of 
the A. M ickiewicz U niversity in Poznań (Fig. 7), shows the degree of 
rounding of the grains to be more intensive and to increase more 

rapidly than that of the material laid down in the ice-marginal stream
w ay terrace. At the same time, however, there m ay be observed an 

abrupt decrease of grain rounding at the mouth of the Gwda which  

supplied n ew  outwash material. Evenso, further westwards the rounding 

of grains transported by ice-marginal streamway waters, increases  

again.

* Called M ecklenburgisch-Pom mersches Grenztal.
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UPPER TERRACE (III)

OR 10— 12-METRE TERRACE

The upper terrace is of considerable extent in the Toruń Basin, 
showing a remarkably lo w  gradient and a mean altitude of 70 m. a. s. 1.* 
To be sure, near the mouth of the Drwęca w e  observe on this terrace  
altitudes of 72 m. and more; on the other hand, along the Bydgoszcz  
Canal, more particularly so in the peninsular narrowing of the terrace 
east of Nakło near W ystęp, w e find altitudes of barely 67, and even  
as little as 65 m. a. s. 1. Still these numbers are by  no means convincing

Fig. 4. Exposure in upper terrace a t  Paterek  (south of Nakło)
1 —  residual cover deposi t  (boulders,  gravel) ;  2 — light-ye l low  stratified sands,- 3 —  brown glacial clay

evidence of a low ering of the terrace, since its surface, almost exc lu 
s iv e ly  built of sands, is, as a rule, wind-eroded, w hile near W ystęp  we  
observe a degraded interfluvial surface. The negligible gradient of the 
upper terrace in the Toruń Basin gave  rise to the assumption of an  
dammed lake in this area (Keilhack). The present author made an 
attempt of explaining this fact as the effect of negligible lineal erosion  
brought about by division of the river course due to the existence of 
a v a lley  island (13). By comparison with conditions in the Kostrzyn  
Basin, H. Liedtke ascribed the slight gradient of the upper terrace within  
the Toruń Basin to alluvial cones of numerous small rivers issuing into 
the Basin. I admit that aggredation of the Lower Brda within the area 
of the Toruń Basin may have  contributed to a gradient reduction of the  
upper terrace. Moreover, the bifurcation of the Vistula waters occur
ring at the lev e l  of this terrace (17), undoubtedly caused a lessening  
of fluvial erosion and a local increase in fluvial aggradation therebay  
contributing to a reduction of gradient of the upper terrace in the Basin 
in the neighbourhood of Bydgoszcz. It may also be assum ed that bifur

* The te rraces of t r ibu ta ry  valleys issuing into the ice-marginal stream w ay will 
be described in the next chapter.

N S
67m

Ice marginal streamway  

(Nctec Valley)
56 m
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cation  took place in the northern branch of the ancient Vistula. The 
southern branch of the river, on the other hand, unimpaired by the  
bifurcation, reached the narrow section in the ice-marginal stream w ay  
along the course of the present-day N oteć v a lley  at a som ewhat low er  

leve l,  as shown by the altitude of the step in the upper terrace at Pa- 
terki, south of Nakło (67 m. a. s. 1.) several metres low er than the mean  

altitude of the upper terrace in the Toruń Basin. Consequently, the origin  
of the exceptionally  slight gradient of the upper terrace in the Toruń 
Basin presents an intricate problem; its solution requires special in
vestigations, among others granulometric exam ination too.

G enerally  speaking, the geological structure of the upper terrace  
wtithin th e  area of the Toruń Basin is homogenous. A s a rule, ev ery w  
here underneath cover of fluvial deposits (of up to 2 m. thickness) there  
appears moraine clay  (e. g., at Miedzyń, Prądy, Lisi Ogon or Lipniki, 
w est  o f Bydgoszcz), or it rests discordantly on  fluvioglacial sands (e. g., 
at Łochowice). Of the eroded moraine c la y  only a boulder pavem ent is 
left, superimposed on fluvioglacial sands. At W ystęp  in the western  
corner of the Toruń Basin there are revealed in the edge of the upper 
terrace under fluvial sands with a stone pavement as remnant of eroded  
moraine clay, fluvioglacial sands of 4 m. thickness, underlain by grey  
moraine clay.

In the w estern  part of the Toruń Basin, resembling th e  neighbourhood  
of Toruń, the surface of the upper terrace is Hat or gently  undulating. 
In it occur flat v a lley  depressions extending southw estwards towards 
the ice-marginal streamway. The hummocks m utually separating these  
depressions seem  to be superimposed forms, built of glacial clay or of 
sands with boulders. In many places where v a lley  sands have been  
eroded, c lay  appears on the surface together with num erous boulders  
resting on it. In other places where the cover of river sands has been  
preserved, numerous dunes developed. M oreover, on the surface of the 
upper terrace frequently melting forms appear, filled, at times, by lakes  
(such as the Jezuickie Lake, south of Bydgoszcz), and particularly con 
centrated on the peninsula of the upper terrace in the western corner  
of the Toruń Basin where, due to intensified degrading processes, ter
race sands are lacking, and moraine clay  forms the terrace surface on 
w ide areas.

The landscape features described above made P. S o n n t a g  (70) 
erroneously  interpret the formations observed near Łochow ice as end  
moraines. There can be no doubt but that the upper terrace of the Toruń  
Basin show s an erosive, or a cut-and-fill character; this has been clearly  
pointed out in previous contributions (13, 16, 17). A  ground moraine  
island w ith in  the upper terrace south of Bydgoszcz, definitely localized
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by W. M r ó z e k  (54) at 85 m. a. s. 1. represents the non-eroded sur

face of moraine deposits, into which Vistula waters flowing at the lev e l  
of the upper terrace and, before this ice-marginal stream w ay waters, 
have cut their bed.

W estwards of the narrowed stretch of the ice-marginal stream w ay  
neair Nakjoi, th e  upper terrace show s on  both sides of the ^valley In  
remnants only. A s described above, the main terrace leve l,  down as 
far as the Ujście Basin, is the ice-marginal streamway transition terrace. 
A  clearly discernible fragment of the upper terrace appears at Paterek  
(south of Nakło) at 67 m. a. is. 1. This exposure shows the geologica l  
structure of the entire terrace, right down to the leve l of v a lle y  peat  
(Fig. 4). A  top layer, 0,50 m. thick, of cover material (boulders, gravel  
etc.) lies on light-yellow  stratified v a lley  sands resting on brown m o
raine clay. On the terrace plain w e observe an extensive  depression  
without superficial drainage. Piled up on field boundaries are stone  
heaps containing blocks of 1 m, diameter. Thus, the upper terrace con 
tinues here to show  an erosive character.

On the northern side of the ice-marginal streamway, near the junc
tion of Łobżanka and Noteć, w e  observe at 65 m. a. s. 1. two islands of 
the upper terrace. They are typical meander islands with a flat surface, 
covered by a coniferous forest; boulders may be seen on the surface  
of the terrace. St. Kozarski and J. Szupryczyński (37) have erroneously  
assigned these terrace remnants to their so-called central terrace, i. e. 
the transition terrace according to the term inology of this paper. Here, 
the profile is as follows:

a) 0.90 m. s trongly limonitized sand w ith numerous rounded  boulders  of various 
sizes,

b) 0.30 m. coarse-grained sand (0.4 mm. diameter) at the bottom of this layer  — 
a residual boulder pavement,

c) lower down — light-coloured fluvioglacial sands.

Minor islands of the upper terrace also occur on the bottom of the 
ice-marginal stream way near Milcz, northwest of Chodzież (60 and 
59 m. a. s. 1.) erroneously considered by German scientists to be re
mnants of end moraines. Neither do I agree with the two authors m en
tioned above, who assign the Milcz terrace islands to the leve l of the 
upper terrace level, i. e. to their middle terrace.

In the section betw een the narrowed stretch of the ice-marginal 
streamway near Nakto and the next narrowing issuing into the Ujście  
Basin, the upper terrace subsides from 67 m. (Paterek) to 59 m. (Milcz), 
all a long this section showing the character of an erosion terrace, 
covered by a thin series of fluvial deposits. As to the interpretation of 
the terrace remnants in this section I disagree with both the above
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mentioned authors as emphasized above. I have pointed out before that 
in this section these authors distinguish an upper terrace corresponding  
to the ice-marginal stream way terrace in my present paper, a middle  
terrace corresponding to the transition terrace, and a lower terrace the 
ostensible counterpart of my upper terrace.

In my opinion the low er terrace distinguished by both these authors 
corresponds to the next terrace (see description on page 49-50), 
which subsides from 60 m. a. s. 1. near Polichnowo (southwest of Nakłc) 
to 55 m. a. s. 1. in the neighbourhood of Chodzież. In their description  
and classification of terraces, th ese  authors have omitted the upper 
terrace under discussion and made it part of their middle terrace which, 
in the present paper, corresponds to the transition terrace.

In the Ujście Basin, the upper terrace of the ice-marginal stream w ay  
appears along the Lower Gwda only  in the shape of small but clearly  
noticeable terrace remnants, which are a continuotion of the correspon
ding terrace of the Gwda valley . The geological structure of the upper 
terrace may be traced on the terrace peninsula east of Piła in profiles 
of brickyard pits. These profiles reveal (see Fig. 1):

a) 0.80 m. yellow, coarse-grained sand w ith  boulders on the flat surface of the 

terrace a residual stone pavem ent it visible, — thus is clearly  an  erosive terrace!
b) further down — light-coloured, even-grained in term oraine sands.

Nearly, in a brickyard pit, under sands with boulders and a pave 
ment (of a total thickness of 2 m.) there appear dark, indistinctly stra
tified or non-stratified, silty ice-dammed lake clays. The surface of 
these c lays is smooth but slightly sloping; and their top layers part 
disclose glaciotec tonic al disturbances. Similarly, on the eastern bank  
of the Gwida, w here an older outwash plain and the outwash ter
race meet, w e also observe in the slope of the upper terrace, a compact, 
grey ice-dammed lake clay, covered by a 3 m. layer of sands with  
boulders.

The erosive character of the upper terrace is also in evidence in the 
continuation of the ice-marginal stream way beyond the Ujście Basin, 
at W alkow ice (58 m. a. s. 1.), where moraine clay  or light — coloured  
fluvioglacial sands reach up to the surface of the terrace. Further down  
the ice-marginal streamway, the upper terrace appears also on the right 
bank of the Noteć, at Kuźnica Czarnkowska (55 m. a. s. 1.) w here it 
built of sands and gravel. It is only in the Drawa Basin that w e meet 
with larger fragments of the upper terrace, a counterpart of a corres
ponding terrace of the Drawa v a lley  penetrating the Basin at from 53 
to 52 m. a. s. 1. The upper terrace constitutes the southern part of a ter
race island, situated south of the confluence of Drawa and N oteć
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(46 m. a. s. 1.). On the surface of this terrace there appear coarse-grai
ned sands with numerous boulders.

Further westwards there extends a larger area of the upper terrace 
(43 m. a. s. 1.), adjoining the ice-marginal stream way terrace south of 
Drezdenko. O nly at Murzymowo (35 m. a. s. 1.) w here the upper terrace 
is observed at the mouth of the Warta v a lley  into the N oteć—Warta 
ice-marginal streamway, the geological structure of this terrace is  
revealed  in an exposure at the local brickyard. The profile is here 
as follows (Fig. 5):

Fig. 5. Exposure in upper te rrace  in the M urzynowo b rickyard  
(south of Drezdenko)

a) 1.5 m. horizonta lly  stratified, light-yellow fluvial sands,

b) 0.20 m. small boulder pavem ent w ith lumps of transformed clay,

c) 1.5 m. of cross-bedded light-yeQlow fluvioglacial sands, m a in ly  horizonta lly  
stratified in their upper  part,

d) lower down — a layer containing pebbles s trongly  limoniitized sands and 
gravel d iagonally-bedded and numerous erratics, 1 m. and  more in diameter, re l ic ts  
of eroded m oraine clay,

e) th ick-lam inated  dark clay. Stratification horizontal.
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On the right bank of the Warta, below  the junction of the Warta 
va lley  with the N oteć—W arta ice-marginal streamway, near Brzozowiec  
(32 m. a. s. 1.), the upper terrace with a flat surface is built of coarse
grained sand with numerous larger residual boulders (of up to  10 cm. 
diameter).

In the Gorzów Basin, the upper terrace has survived in the region  
of Słońsk (24 m. a. s. 1.) in the shape of a triangle, produced during 
su ccessive  (phase of terrace erosion by m eanders of the Warta river flo
wing there at a lower level. Against the upper terrace lean  lower  
terrace lev e ls  in the shape of small fragments or alluvial cones of the 
Krzemienna river which near Słońsk joins the Warta. A s far as its 
geological structure is concerned, the upper terrace at Słońsk resembles  
the M urzynowo terrace. On the surface of this terrace w e observe erra
tics of up to 1 m. diameter. In brickyard pits east of Słońsk the following  
profile has been determined:

a) yellow m edium-grained sand w ith  small pebbles below passing into,
b) a layer of boulder pavem ent,
c) fine gravel, dow nw ard  passing into coarse gravel w ith  fist-size boulders,
d) white, fine-grained sand,
e) a t  about 6 m depth there  appears  a 0.60 m. layer of brow n moraine clay,
f) light yellow  fine-grained sand,
g) at a depth  of some 9 m. below the surface, i. e. at 15 m. a. s. 1., g rey  clay.

j
The above profile is  repeated in  m any places. Everyw here the  

fluvial deposits (approx. 1 m. thick) rest on a residual boulder pavement 
which, in turn, covers fluvioglacial deposits. Lower down there appear 
moraine and ice-dammed lake deposits. It is at Słońsk that the most 
westward fragment of the upper terrace in the N oteć—Warta ice- 
marginal stream way has been  found.

On the distance from Bydgoszcz to Słońsk, situated in the vicin ity  of 
the Odra valley , the upper terrace has subsided from 70 to 24 m. a. s. 1. 
i. e. a. decline of 46 m.

The relative height of the upper terrace oscillates betw een 12 m. 
in the neighbourhood of Nakło and 16 m. at the mouth of the Drawa; 
further on, it gradually decreases reaching 10 m. w est of Kostrzyn.

In the N oteć—Warta ice-marginal streamway, the upper terrace  
show s a predominantly erosive character. The thickness of the fluvial  
deposits laid down on eroded Pleistocene sediments is, on an average,  
1 to 2 m. G r a n u l o m e t r i c a l  a n a l y s e s  of the upper terrace  
deposits, carried out by W. S t a n k o w s k - i  (Fig. 7), revea l the degree  
of rounding of the grains to be similar to that on the transition terrace. 
Prom the outw ash plain or from the adjacent ground moraine, into
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whüch th ey  are incised, the waters of the Gwda carry less  rounded  
material. Gradually only, and along the bottom of the ice-marginal 
stream way already, the degree of rounding increases; after receiving  
the waters of the Drawa, which carries a load of less rounded material, 
no increase in rounding of the grains is observed.

The upper terrace of the ice-mar-
sw NEginal stream w ay hitherto discussed  

is most c lo se ly  connected with cor
related terraces in the v a lleys  of the 
Drwęca, Brda, Gwda and Drawa, and 
of smaller rivers (see the next 
chapter). It seem s worth investiga
ting how the upper terrace conti
nues westwards, in the Kostrzyn Ba
sin  and in  the Lower Odra valley.
Conforming the results of P. W old- 
stedt's field studies, H. Liedtke dis
covered, on the terrace island of 
Bralitz— Neuenhagen, an erosive ter
race at altitude of 16 m. a. s. 1.

A  similar height shows this ter
race on  the eastern, Polish bank of 
the Odra, at O sinów Dolny, where it 
is incised in moraine c lay  containing  
numerous boulders and underlain  
by a series of fluvioglacial sands 
and gravels. Its counterpart is the 
meander-built terrace plain d iscove
red on the terrace peninsula at Ho- 
hensaaten (15 m. a. s. 1.). Further 
north, in the neighbourhood of 
Schwedt, terrace remnants with  
kettle depressions appear, described  
by P. W oldstedt (79). It is here that 
the Randow v a lley  parts from 
the present-day Lower Odra valley.
The terrace lev e l  investigated by us has here an altitude of 10 to 13 m. 
a. s. 1., both in the Randow v a lley  and in the Lower Odra valley , north 
of Vierraden. It is therefore, a b i f u r c a t i o n  level, proving the si
multaneous flow of the combined river waters along both the Randow  
valley  and the Lower Odra valley . Over the distance of 380 kilometres  
which separates the neighbourhood of Bydgoszcz from the region of

Fig. 6. Exposure in upper te rrace at 
M eyenburg  in Lower Odra valley 

(German Democratic Republic)
a —  fine and medium-grained sands, with blurred 

horizontal lamination; b — grave ls  with pebbles ,  

and rounded boulders, fa ib ly  v is ib le  horizontal 

bedding;  c — fine and medium-grained sands,  

stratified, with vary ing  d egree  of dip
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Schweidt în the Loweir Odra va lley , the upper terrace has subsided  
58 m.; thus taking into consideration the somewhat farer distance of the 
low est points of both the ice-marginal stream way terrace and the ice- 
marginal stream w ay transition terrace, their relative difference in 
height is the same as that of the upper terrace.

The author has been able to investigate the geological structure of 
the above mentioned bifurcation terrace at both Meyenburg and Vier- 
raden, where (in the Odra valley) samples of terrace material w ere  
also taken for granulometric measurements. At Meyenburg, w here the 
upper terrace lies at the altitude of approx. 14 m. a. s. 1., the follow ing  
strata w ere revealed in a gravel pit (Fig. 6):

a) 0.35 m. fine- and m edium-grained sands, w ith  an il l-defined horizontal p red o 
minance of bedding,

b) approx. 0.60 m. gravel w ith  pebbles and rounded boulders, with traces of 
predom inant horizontal bedding,

c) lower down — fluvioglacial deposits  comprizing crossbedded fine- and medium- 
grained sands which, tow ards the bottom, pass into horizontally  stratified fine-grained 
sands in terca la ted  by stratified silts.

At Vierraden a layer of pebbles and boulders, sorted by flowing  
water, cuts diagonally a stratified fluvioglacial sands. In both cases 
the terrace shows an erosive  character. The aggraded material of the 
surface of the upper terrace situated north of Vierraden in the Odra 
v a lley  resembles, as to its granulometric character, deposits found 
further upstream on the same terrace (Fig. 7).

In this manner has been  established the continuation of the upper 
terrace of the ice-marginal stream way in the Kostrzyn Basin and the 
va lley  of the Lower Odra. The river waters which flowed at this leve l  
through the Noteć— Warta ice-marginal stream way arrived, partly, 
along v a lleys  of former outwash rivers, partly by w ay of the va lleys  
of the Vistula, Warta and Odra, flowing aw ay partly, as heretofore, 
westwards along the Randow valley , but partly also northwards along  
the Lower Odra valley . Evidently at that time, the neighbourhood of 
the present-day mouth of the Odra must already have been free of ice. 
To this problem w e will return in one of the next chapters.

TRANSITIONAL UPPER TERRACE (b),

OR 7—9-METRE TERRACE (II)

At the inlet of the Drawa Basin there appears a very  clearly marked 
terrace lev e l of 44 m. altitude surrounding the terrace island south of 
the mouth of the Drawa and subsiding, within the area of the basin 
to 40 m. a. s. 1. But, on ly  slightly further west in the neighbourhood of
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Drezdenko, this terrace declines to 36 m. a. s. 1. Beyond this section  
with its exceptionally  steep gradient, the terrace continues along the 
valley , show ing a gradient correlated to the v a lley  floor; thus, here  
a uniform relative height of 7 to 8 m. is maintained. The presence of 
this terrace has been  observed over longer stretches of the ice-marginal 
stream way, of the Warta v a lley  as well as the Lower Odra valley;  
everyw h ere  it runs side by side with the upper terrace. Here, of course, 
w e are facing a v a lley  terrace, connected  wlith eroding processes cau 
sed  by an in ten se  lowering of the base-level of erosion. H ow ever this 
eroding impulse failed to extend very  far upwards in the ancient river 
bed. It reached as far as the vicin ity  of the mouth of the Drawa river 
and also show s in the Drawa v a lley  (see map, Fig. 10) in the form of 
a terrace entering the Drawa Basin at 44 m. a. s. 1.

Proof of the termination of the eroding processes which has caused  
the incision of the main river into the surface of the upper transition  
terrace and resulted in the formation of a corresponding terrace in the 
Lower Drawa va lley , is the steep gradient of the highest section of 
this terrace within the area of the Basin (see profile of terrace, Fig. 11), 
characteristic for upper, intensively  eroded v a lley  sections, as w e ll  as  
the sharp shape of the initial section of the n ew ly  formed river bad, 
visible on the geom orphological map (Fig. 10).

Even so, I am inclined to identify an even  higher fragment of this 
terrace in th e  U jście  Basin, at 55 to 57 m. a. s. 1. It m ay be that the 
terrace under discussion has reached even  further westwards, as seems  
to be indicated by a corresponding terrace along the Łobżonka va lley  
(see description, page 57). Consequently, the eroding impulse, caused  
by the sinking of the base-level of erosion, must have reached up  
the ice-marginal streamway as far as the confluence of the Gwda and 
Noteć, or even  further than that. The above mentioned terrace frag
ment lies barely 2 to 3 metres lower than the upper terrace described  
above and extends as prolongation of the outwash terrace of the Gwda, 
over  the ice-marginal stream way floor in the neighbourhood of Ługi 
Ujskie. This terrace is built of coarse-grained sands with gravel and 
pebbles. Its surface is partly diversified by wind action.

H. G. O s t  (58) 'believes that this upper transition terrace, aggre- 
aded by flow ing water, was walled by dead ice which in his opinion, 
filled the Ujście Basin at that time; and consequently this terrace re
presents som e kind of kame terrace. As principal argument in favour 
of his concept Ost mentions the fact that here stratification „emerges 
into the open". W ere it otherwise, the strara would have gradually  
subsided to the floor leve l of the ice-marginal stream way (representing  
deposits of an alluvial cone). I do not deny the possibility of blocks of
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dead ice  occuring in  the U jśc ie  Basin during that period, the more so 
since, further west distinct traces of ice contact slope are in ev id en ce  
within the area of this terrace. All the same, the existence of a very  
clearly discernible step in the surface of this terrace., with an abrupt 
breach in its stratification m ay be the effect of erosive  cutting b y  the 
meandering N oteć river, the more so since the edge of the terrace  
clearly show s a bend, corresponding to the course of the river. Nor 
can 1 assume that the abowe-m entioned leve l of 55 to 57 m. should  
simply be a sunken, lower part of the outwash terrace of the Gwda 
river, lowered as a result of the m elting of a huge block of dead ice  
(analogous with conditions on outwash plains in the neighbourhood  
of Eberswalde as described by H. Liedtke). This conjecture is contra
dicted by the mechanical com position of the deposits of this terrace, 
differing from the mechanical composition of outwash deposits (see  
Fig. 7). Thus it seem s most probable that the terrace fragment at 55 
to 57 m. altitude, adjoining the outwash terrace of the Gwda river in 
the Ujście Basin, is the highest preserved fragment of the upper transi
tion terrace (b); incidentally, correlated with this terrace are similar 
terraces in the Gwda v a lley  and also, in  the Łobżonka valley .

As stated above, the upper transition terrace (b) is particularly w ell 
developed in the Drawa Basin. At Drawsk this terrace (42 m. a. s. 1.) 
ÜS built of moraine clay, with boulders on its surface. South of the  
terrace island, fine sand lies  on its surface. A  small exposure of the  
geological structure of the transition terrace (b) is visible at Skw ie
rzyna Gaj, on the upper right bank of the W arta valley , c lose to its 
joining the N oteć— Warta ice-marginal streamway. Scattered on the  
leve l surface of this terrace are boulders. In the profile the follow ing  
strata have been determined:

a) yellow, coarse-grained sand,
b) m edium-grained sand, of approx. 1 m. thickness,
c) lower down — coarse gravel w ith  boulders of various size (up to 30 cm. dia.). 

In tercalations of strongly  limonitized sands.

Slightly further northwards at Murzynowo (30 m. a. s. 1.), there also  
w e observed, on the surface of the terrace, sands with numerous p eb 
bles, identically as at Brzozowiec (26 m. a. s. 1.), west of the Warta river. 
Consequently, the geologica l structure proves the erosive character of 
this terrace.

More important is the upper transition terrace (b) near Kołczyn; 
here its contour is strongly dissected, and its surface is variegated b y  

numerous kettles. According to German opinions, major compact m as
ses of dead ice  rested on the bottom of the ice-marginal streamway.
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Flowing betw een this ice and the edge of the ice-marginal streamway,, 
river waters filled this space with aggraded material. W hen, later on,
the ice melted, the ice contact slope of these fluvial deposits w as trans
formed into a clearly noticeable, though strongly dissected, step. The 
geological structure of this terrace near Kołczyn is know n from nu
merous exposures. Below  I am presenting two of the more important 
profiles.

P r o f i l e  1

a) 1.30 m. coarse-grained sand (0.3— 0.4 mm. dia.), w ith  scanty, poorly  rounded 
pebbles,

b) 1.10 m. fine gravel (up to 6 mm. dia), higher up passing into sand w ith  gravel 
and pebbles. Obligue bedding (12° towards SW),

c) 0.10 m. boulder pavem ent, cutting  the sands,
d) 0.12 m. stratified limonitized sand w ith  scanty  pebbles (1 to 2 cm. dia.) a t 

bottom,
e) 0.30 m. horizonta lly  stratified sand (0.2 mm. dia.), continuing downwards. In 

another place of this terrace, under dune sand of 1 m. thickness fossil soil was 
founds with rem nants  of a burial u rn  and ashes.

P r o f i l e  2 (former gravel pit)

a) 0.70 m. light-yellow, fine-grained sand,
b) 0.05 m. s trongly  limonitized gravel w ith  pebbles,
c) 0.70 m. light-coloured gravel, obliquely stratified,
d) 0.50 m. g ravel w ith  pebbles up to 15 cm. dia., of pavem ent type,
e) 0.30 m. gravel, grow ing smaller dow nw ards and passing into light-coloured 

fluvioglacial sands,
f) 0.50 m. light-coloured, m edium-grained stratified sand.

At Kołczyn, the geological structure of the terrace is not unlike the 
hitherto determined structure. Fluvial waters have eroded the layer  
of boulder clay, covering the residual pavement by their deposits.

The stratified sands slope towards depressions (kettles?) in the 
terrace. H owever, it is not a lw ays easy  to distinguish such later distur
bances of these deposits from previous delta accumulation. At any  
rate, in must airways be kept in  mind that local streams must hawe  
played a conspicuous part in forming of terrace accumulation.

The problem of dead ice in  the ice-marginal stream way and of the 
terrace connected  w ith  it requires further, more detailed investigation. 
It is precisely the terraces situated in the Gorzów Basin that constitute 
a suitable object for investigation of this kind.

The above description proves the upper transitional terrace (b) to 

be of an e r o s i v e  character. On top of the erosivety  cut boulder 
clay, or on a residual boulder pavement, fluvial deposits of several 
meters' thickness are laid down. It is only in the Gorzów Basin, where
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this terrace w as formed in a hitherto indeterminate contact with dead  
ice, that fluvial deposits resembling a delta type appear, in connection  
w ith the inflow  of waters of nearby small rivers. Coarser material 
occasionally  appearing here may also be the result of incision of 
a water channel into massed ice *.

The g r a n u l o m e t r i c a l  a n a l y s i s  of the deposits of the 
upper transition terrace (b), shows that downstream the degree of 
rounding increases very  intensely, exhibiting a distinct interruption 
below the mouth of the Drawa, probably ow ing to the inflow of less  
rounded material carried by  the waters of the Drawa river (Fig. 7).

W hat is the further course of the upper transition terrace (b) below  
the junction of W arta and Odra? In the neighbourhood of Kostrzynr 
adjacent to a fragment of an ice-marginal stream way terrace of 32 m. 
altitude, lies a terrace level; like the former terrace, it is undercut by  
recent meander erosion of the Warta river and extends, in the shape 
of a clearly discernible lobe, at a height of 20 to 17 m. along the slope  
bottom of a plateau, spread ab ove  and below  the mouth of the M yślą  
river. I am inclined to consider this terrace a fragment of a upper 
transition terrace (b), deformed by adjacent cone deposits laid down by 
the M yślą river, and by aeolian  forms.

The continuation of the upper transition terrace (b) in the Kostrzyn  
Basin and in the v a lley  of the Lower Odra river resembles the course  
of the upper terrace. A ccording the field studies conducted by Liedtke 
and others, there occurs on the terrace island of Bralitz— N euenhagen, 
below the upper terrace of 16 m. altitude a terrace fragment at a lev e l  
of 12 m., corresponding to the upper transition terrace (b). This same 
terrace is also v isible  on the Polish side, at O sinów Dolny, at a similar 
altitude; it is built of fine-grained sands with intercalations of small 
pebbles. On the terrace peninsula near Hohensaaten, this same terrace 
appears at 11 m. a. s. 1., and near Schwedt, in the Lower Odra v a lley  —  
at the altitude of 10 m. a. s. 1. This is probably the low est fragment 
of this terrace so far identified. Consequently, within the known limits 
of the extent of this terrace, from Piła (57 m. a. s. 1.) to Schwedt in the 
Lower Odra v a l le y  (10 m. a. s. 1.), over a distance of som e 242 km. 
the gradient of this terrace is 1 : 5140.

T h e  r e l a t i v e  h e i g h t  of the upper transition terrace (b) 
varies betw een 6 and 1 1 m.  (in some places even  up to 14 m.); at the 
mouth of the Gwda river it is 9 m., reaches its maximum height near 
the mouth o f  the Drawa river (from 14 to 11 m.), decreases to on ly  6 m.

* The problem of the in terre la tion  of blocks of dead ice and fluvial erosion has 
been discussed, am ong others, by  T. B a r t k o w s k i  (4).
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near the junction of Noteć and Warta, and again increases to 7 to 9 m. 
further down. 7 to 9 m. is the mean value of the height of the upper 
transitional terrace (b).

Te be sure, the upper transition terrace (a) does not reach as far as 
the Toruń Basin, and its upper limit is probably the Ujście Basin. It has 
its counterpart not on ly  in the Drawa valley , but also in the Warta 
valley , south o f the ice-marginal streamway. This upper transition ter
race (a) represents one of the briefer phases in the developm ent of the  
ice-marginal streamway, in connection with the oscillations of the 
base-leve l of erosion brought about by the gradual recession of the  
inland ice.

TRANSITIONAL UPPER TERRACE (a),

OR THE 5-METRE TERRACE (I)

At the point of northward diversion of the Vistula there has been  
preserved, near Ostromecko, a terrace fragment at the altitude of 65 m. 
(17). It is undoubtedly connected  w ith  the northward run-off of the V i
stula, and has been preserved as a meander step. It seem s possible, 
however, that this terrace is also continued in the N oteć— Warta ice- 
marginal streamway. In their observations of a section  of the ice-mar
ginal streamway, St. Kozarski and J. Szupryczyński (37) found, on its 
both sides, low -ly ing  terrace remnants, of 60 m. altitude in the east 
and 55 m. in the west, i. e. north of Chodzież; this terrace they  ca'led  
the lower terrace. A  distinct erosive step separates this terrace from 
the upper terrace, w hile  downwards, i. e. towards the flood terrace, the  
morphological boundary is less  marked, particularly in those places, 
w here you ng  alluvial cones w ere deposited on the upper transition  
terrace. According to the above-m entioned authors, inter- moraine sands 
and gravels  buiilt this terrace. On the lev e l  surface of the terrace  
a residual pavement with big boulders, of up to 0.5 m. diameter 
appear —  thus plainly an erosive  terrace! In numerous localities, such  
as M ieczkowo, Lipia Góra, Heliodorowo, irregular dunes have d ev e 
loped, 10 to 12 m. high.

The terrace of the N oteć ice-marginal streamway, described above  
and first investigated  by St. Kozarski and J. Szupryczyński (37) in the  
section betw een  Nakło and Milcz, continues not on ly  in the Ujście  
Basing but also near the mouth of the Drawa river, in the Gorzów  
Basin and in the Lower Odra valley; everyw here it is the first terrace  
extending above the flood terrace. Consequently, this is a terrace leve l  
extending from the Toruń Basin as far as the Lower Odra river and 
representing one of developm ent stages of va lleys  on the glacial Po-

4 — Prace geograficzne

http://rcin.org.pl



50 Rajmund Galon

lish Lowland. A s  far as m y own nomenclature of terraces is concerned  
which I am basing on the division of terraces in the Toruń Basin and 
the Lower Vistula valley , 1 have termed the low est terrace lev e l in the 
ice-marginal stream way discussed the upper transition terrace (a), or 
the 4 to 5 m. terrace, taking into consideration its prevalent relative  
height (see description on page 51).

In the Ujście Basin, the upper transition terrace (a) appears along  
the lower Gwda river at 52 m. a. s. l . f breaking off erosively, identi
ca lly  as, in its extension, the upper transition terrace (b), —  against 
the peaty floor of the ice-marginal streamway. On the flat, wooded  
surface of this terrace, in the neighbourhood of M otylew o (south of 
Piła), dunes have developed, w hile  in the terrace edga sands are 
exposed, containing considerable quantities of boulders in their top 
part. This proves the upper transition terrace (a) to be of erosive  
character. A  similar terrace also appears som ewhat further northward, 
encircling the repeatedly mentioned terrace peninsula at Piła (57 m. a. 
s. 1. —  see Fig. 7). Sands, gravel and boulders are building this terrace; 
this material reaches as far as the water leve l of the river, even  lower. 
It has been found that the present-day bed of the Gwda river is incised  
in this gravel. O nly on the flood terrace a slight cover of fluvial silts 
has been found.

W ider spread is this terrace in the Drawa Basin subsiding from 
40 m. a. s. 1. in the narrowed stretch of the icenmarginal streamway  
near Gulcz, to 29 m. a. s. 1. south of Drezdenko, where gravel with 
pebbles forms the flat surface of this terrace. A long the Lower Drawa 
river the upper transitional terrace (a) appears too, breaking off against 
he peaty  bottom of the basin. Here the edge this terrace shows the 
effect of melting blocks of dead ice.

At Jagodzin, south of Gorzów, the discussed terrace forms a terrace 
island of 23 m. absolute altitude. In the slope of the terrace the follo 
w ing  strata are uncovered:

a) 0.95 m. sands (0.3—0.4 mm. dia.) and fine gravels (1—4 mm.), w ith  many 
pebbles on the surface of the terrace,

b) 0.05 m. pavem ent buil t  of rounded  pebbles 3—5 cm. diameter,

c) lower down — gravel.

Thus the terrace continues to show  an erosive  feature.
Further fragments of the upper transition terrace (a) have been pre

served along the Odra river too. Near the mouth of the M yślą inito the 
Odra, there extends a terrace fragment at the absolute altitude of some 
14 m., running along the foot of the upper transition terrace (b). Both 
terraces, as described above, have been deformed by cone alluvia,
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aeolian processes and, possibly, also by dead ice m elting processes. 
Is should be emphasized that the morphological boundary dividing the 
two terraces is rather indistinct. The same terrace appears also on the 
left bank of the Odra river, near Schwedt, at 6 m. a. s. 1., and further 
north again, in the neighbourhood of Gartz, at the altitude of 4.5 m. 
on the left bank, and at 4 m. a. s. 1. on  the right bank of the Lower 
Odra river.

Consequently, upon the discussed v a lley  section, the upper transi
tion terrace (a) subsides from 60 m. a. s. 1. in the neighbourhood of N a 
kło, to a  som e 4 m. a. s. 1. along the Lower Odra river near Gartz; 
considering the distance of some 316 km. separating these two loca 
lities, this means a gradient of 1 : 5530.

The r e l a t i v e  h e i g h t  of the upper transition terrace (a) v a 
ries betw een 6 m. on the Noteć, and 3,5 m. on the Lower Odra, w hile  
locally  it even  decreases to as little as 2 m.; m ostly it is 5 m.

Material for the granulometric analysis has been taken from one  
locality  only, nam ely a point on the terrace island south of Gorzów. 
This analysis, carried out by W. S t a n k ó w  s k i ,  show s a high  
degree of rounding (see Fig. 7), considerably higher than the degree  
of rounding of the deposits of the upper transition terrace at this place.

The upper transition terrace (a), of predominantly erosive  character, 
represents the run-off of fluvial waters along the W arta— Noteć ice- 
marginal stream way and a long the Lower Odra v a lley  to the Baltic, 
similarly as the two successive ly  higher terraces.

GENERAL REMARKS ON ICE-MARGINAL 
STREAMWAY TERRACES

The description hitherto presented shows that in the ice-marginal 
streamway there appear, above the v a lley  floor (i. e. the flood terrace  
1—2 m. high), five  terraces disregarding fragments of a few local  
terraces of a transition character:

I. The upper transition terrace (a) *. or the 5 m. terrace (average  
gradient 1 : 5530),

II. The upper transition terrace (b), or the 7— 9 m. terrace (average 
gradient 1 : 5140),

III. The upper terrace, or the 10— 12 m. terrace (average gra
dient 1 : 6000),

IV. The ice-marginal stream way transition terrace, or the 15— 22 m. 
terrace (average gradient 1 : 6360),

* The au thor uses te rrace names taken  from previous contributions (17, 18).
See also Fiq. 1.
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V. The ice-marginal stream w ay or outwash terrace, relative height  
18— 25 m. (average gradient 1 : 6420 * or 1 : 7270 **).

A ll the above terraces distinguished in the N oteć— Warta ice-mar
ginal stream way already appear in the Toruń Basin. It is only the 
upper transition terrace (a) that does not appears until the Piła Basin. 
The (outwash) ice-marginal stream w ay terrace and ice-marginal stream
w a y  transition terrace continue in the Randow valley; the upper terrace  
of the ice-marginal stream way show s a bifurcation character, passing  
not on ly  into the Randow va lley , but also show ing in the Lower Odra 
valley . The remaining, lower terraces of the ice-marginal streamway  
appear, further on, exc lu s ive ly  in the Lower Odra valley . Consequently, 
three phases may be distinguished in the developm ent of the terraces 
of the ice-marginal streamway, namely: 1) the phase of the N oteć—  
— W arta— Randow ice-marginal streamway, 2) the bifurcation phase, 
and, 3) the ice-marginal stream way —  Odra phase.

The vertical distance betw een the individual terraces is surprisingly  
alike (at an average 4— 5 m.); this seem s to be ev idence of a regula
rity of the erosive rythm, caused by oscillations of the base-level of 
erosion. It is on ly  in the initial part of the longitudinal profile of some  
of the terraces that their gradient increases and due to this, the d is 
tances betw een  the terraces vary. Moreover, the average gradient of 
the younger terraces is s lightly  greater than that of the older terraces, 
Which may have been caused by  the shortening of the low er river 
course after it reached the Pomeranian Bay (Zatoka Pomorska).

A ll the terraces show  an e r o s i v e  or,  e r o s i v e - a g g r a d i n g  
character, showing a 1— 2 m. layer of fluvial deposits laid down on 
moraine and inter-moraine deposits. In accordance with the changing  
geo log ica l structure of the Pleistocene deposits there are alternately  
exposed, on the different v a l ley  terraces, boulder clay, stratified flu- 
vioglacia l sands and gravels, and varved clay; boulder c lay  most fre
quently appears on the higher terraces, w hile  intermoraine deposits  
are found on the low er terraces (see, among others of terrace profile 
of the low er Gwda v a lley  (Fig. 1). In v iew  of the erosive character of 
the terraces, w e  frequently observe on their surface m erely a  moraine 
residuum, in the form of a pavem ent of boulders of varying size, w hile  
fluvial sands lie almost directly in top of fluviio glacial sands. On the  
terraces with a sandy surface dunes have developed, here and there  
forming compact dune fields. The problem of dunes in the N oteć—  
— W arta ice-marginal stream way has a rich literature of its own. Among

* On the Bydgoszcz—Bagemühl section (Randow valley).
** In the Aleksandrów-Kuj.— Bagemühl section.
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Fig. 7. Graphs of ave rage  rounding  of grains of some of terrace deposits  in N oteć— 
W arta  ice-marginal s tream w ay, Lower Odra valley  and Randow valley, according to 

W. S t a n k o w s k i's m easurem ents
■A — ic e  marginal s tream way terrace; B — ice-marginal s treamway transition terrace; C — upper  

terrace;  D — upper transition terrace (b)
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more recent contributions, those by W. M r ó z e k ,  L. P i l a r c z y k  

and J. I r 1 a should be mentioned.

ROUNDING OF GRAINS OF TERRACE DEPOSITS

Rounding of grains of terrace deposits shows a far reaching regu 
larity and illustrates the variability of sedimentational conditions du 
ring the successive  developm ent phases of the Noteć— Warta ice-mar
ginal stream way (Fig. 7). A  description of the method of investigating  
the rounding of sand grains has been g iven  on page 24.

The deposits of the ice-marginal streamway (outwash) terrace show  

a gradual but constant increase in rounding, characteristic for deposits 
of running waters, and undisturbed by m idway entry of outwash trains 
of the Gwda and Drawa rivers; this regularity of rounding is probably  
due to simultaneous existence and similar lenght and gradient of these  
outwash trains. On the other hand, the rounding of the grains of d e 
posits of subsequent terraces clearly shows marked disturbances along  
the course of the river, w herever the ice-marginal stream w ay deposits 
w ere augmeinited by deposits of the Gwda or Drawa, both of w hich  
possess dissimilar sedimentation conditions, caused probably by the  
steeper gradient of those rivers. At any rate, the diagrams of gram  
rounding of the deposits of the individual terraces confirm our descrip
tion of terrace levels, established on the basis of morphological criteria.

TERRACES IN VARIOUS VALLEYS JOINING  
THE NOTEC—W ARTA ICE-MARGINAL STREAMWAY

The terraces of the N o teć—Warta ice-marginal streamway, described  
above, and their extensions in the Lower Odra v a lley  and the Randcw  
v a lley  have their counterpart in the va lleys  which enter the ice-mar- 
ginal streamway. W orthy of particular attention are the mouth sections  
of those valleys , w here their terraces pass directly into ice-marginal 
streamway terraces, or break off above lower terraces of the ice-mar
ginal streamway and are continued in further-lying ice-marginal stream
w a y  terraces fragments. The terraces of va lleys  joining the ice-marginal 
stream way represent an important corroboration of both number and 
type of terraces which w e distinguish in the ice-marginal streamway.

TERRACES OF DRWĘCA VALLEY (FIG. 8)

The com parative table of terraces found in the mouth section  of the 
Drwęca v a lley  and in the Toruń Basin (see page 56) proves the close
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MORAINE PLATEAU

Fig. 8. M orphological map of mouth of Drwęca valley.
3 —. upper terrace;  2 —  upper transit ion terrace; 3 — lo w er  middle terrace; 4 —  lo w er  terrace; 

5 — upper flood terrace  (I step)

connection betw een both v a lley  lev e ls  which, incidentally, show almost 
identical relative heights. It should be emphasized, however, that in the 
discussed  section  of the Drwęca v a lley  there does not appear any  
upper middle terrace, which, admittedly, is also lacking in the part 
of the Toruń Basin adjoining the Drwęca valley, but which further west  
and especially , near the mouth of the Brda river occupies wide areas, 
incidentally constituting west of Bydgoszcz the bottom of the ice-mar
ginal streamway. Nor is there any middle step of the upper terrace. 
Particularly note worthy, however, is the fact that in the mouth section  
of the Drwęca v a lley  no terrace higher than the upper terrace has been  
found, which might be considered a counterpart to of the ice-marginal 
streamway (outwash) terrace of the Noteć—Warta ice-marginal stream
way. It must be admitted that this terrace does not exist in the Toruń 
Basin either. Even so there is a chance as mentioned before-that, a small 
terrace fragment, situated near Aleksandrów Kujawski at 81 m. a. s. 1. 
and described by W. M r ó z e k ,  might be a remnant of this ice-mar-
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T a b l e  1

The terraces in the mouth section of the Drwęca valley, 
and in the Toruń Basin

N ame of te rrace  (referring 
to the 1934 division of 

terraces, (17)

A bsolute a l titu 
de, in m etres

Relative height in  m etres

in the  Drwęca 
v a l ley

in  the Toruń 
Basin

Upper (III step) t. 72—70 32— 31 32
Upper (I step) t. 63 23 25
Lower middle t. 55—53 15 14
Lower t. 51—49 11 11
Upper flood (I) t. 46—44 6—5.5 7
Upper flood (II) t. 42 1.5 4

T a b l e  2

The terraces in the N oteć—W arta ice-marginal streamway, in the Brda 
va lley  and in the Lower Vistula v a lley  (in morphological order)

Terraces in the 
N oteć—W arta  

ice-marginal stream w ay

Terraces in the 
Brda va l ley  

(18)

Terraces in  the 
Lower V istu la  va l ley  

(17)

V. ice-marginal 
stream w ay t.

XI. ou tw ash t.

IV. ice-marginal 
stream way 
(transition) t.

X. transition  t.

III. upper t. IX. upper t. Vc. upper (step c) t.

II. upper
transition  (b) t.

VIII. transition  t. Vb. upper (step b) t.

I. upper
transition  (a) t.

VII. transition  t. Va. upper (step a) t.

Ice-marginal s tream w ay 
floor (flood terrace)

VI. upper middle t. IV. upper middle t.

A ggradation  of the 
ice-marginal stream way 
w ith  mud and peat bogs

V. low er middle t. III. lower middle t.

IV. lower t. II. lower t.

III. upper flood t. I3. upper flood (III step) t.

II. upper flood t. I2. upper flood (II step) t.

I. upper flood t. Ij. upper flood (I step) t.
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ginal stream way terrace. The problem is the more important since in 
the first phase of its existence, undoubtedly the E—W  section of the  
Drwęca v a lle y  must have played the role of a v a lley  of ice-marglnal 
stream way type, carrying of the inland ice meltwater at the tim e of the 
Pomeranian stage (19). Field investigations of the terraces of the 
Drwęca v a lley  are under w ay  (J. M a c h i n k o and Z. C h u r s k i). 
T hey detected remnants of a terrace, higher than the upper terrace, 
not on ly  in  the N — S section of the Drwęca v a lley  connected w ith the  
Ostróda outwash plains, but also in the low er-lying E— W  part of the 

Drwęca valley .

TERRACES OF OUTWASH AND VALLEY OF BRDA RIVER 

(see Table 2)

According to the author's research (18), all the terrace lev e ls  in the 
Brda valley , whether connected with the developm ent of the N oteć  
ice-marginal stream way or with that of the Lower Vistula valley , have  
been preserved. The Brda v a lley  is accompanied by an outwash plain  
terrace, which passes into an ice-marginal stream way (outwash) terrace  
within the area of the Noteć— Warta ice-marginal streamway. A lto 
gether, e leven  terrace leve ls  have been determined here.

The terraces of the Brda v a lley  are of essential importance for the 
reconstruction of the development of the N oteć— Warta ice-marginal 
stream way and the Lower Vistula valley , constituting an area of corre
lation with terraces of other valleys. A long the Brda river the outwash  
phase of the ice-marginal streamway phase is perpetuated as w ell as the  
time when all the river waters of the Lower Vistula V a lley  w ere d iver
ted northwards and abandoned the ice-marginal streamway. The latter 
event took place at a time w hen the Brda river was flowing on a ter
race 50 m. a. s. 1. (middle lower terrace) with an eastward gradients, 
towards the Lower Vistula valley , in contrast with the westward gra
dient of the ice-marginal streamway. The detailed correlation of the  
Brda v a lley  and the Brda outwash with terraces in the ice-marginal 
stream way has been given above, in the description of the succes 
s ive  terraces.

TERRACES OF ŁOBŻONKA VALLEY

According to L. S y t n i k's * field studies in the Łobżonka valley,  
which in this respect resembles its tributary, the Orla v a lley  (the latter

* Lesław S y t n i k :  Morfologia doliny Łobżonki (M orphology of the Łobżonka 
Valley), M aster 's  thesis  (in typescript), Toruń, 1958.
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the subject of investigations by  K. K o ź l i ń s k a ) ,  the follow ing ter
races of erosive  character appear there:

VI. the 15-metre terrace (?)
V. the 10.5 to 13.5-metre terrace 

IV. the 7.5 to 10-metre terrace 
III. the 5 to 6-metre terrace 
II. the 3 to 4-metre terrace  
I. the 2-metre terrace

all heights g iven  
with reference to the 
2-metre flood terrace

Taking into account the aggraded 2-metre flood terrace into which  
the Łobżonka river is incised, w e may consider the II. terrace of the 
Łobżonka v a lle y  to be the counterpart of the 5-metre terrace in the 
ice-marginal streamway, the III. terrace of the Łobżonka to be the 
counterpart of the 7 to 9-metre terrace in the ice-marginal streamway, 
vh ich  admittedly appears on ly  near the mouth of the Gwda river, 
tlie IV. terrace of the Łobżonka to be the counterpart of the 10 to 
12-metre terrace in the ice-marginal streamway, and the V. terrace m  
tlie Łobżonka the counterpart of the 15 to 22-metre terrace in the ice- 
ntarginal stream way or in other words, the dee-marginal stream way  
transition terrace. L. S y  t n i k  has found the VI. terrace (15-metre) of 
the Łobżonka v a lle y  in one place only, at Klawki and expresses his 
doubts as to its continuing in the Łobżonka valley. On the assum ption  
tiat this highest v a lley  lev e l  has been destroyed during the formation  
of the succedingly  lower v a lley  terraces, w e may take it for granted  
tiat the highest terrace was formed at the time of the oldest ice-mar
ginal stream w ay phase, as the floor of a river which joined the nearby  
iće-marginal stream way waters. The I terrace of the Łobżonka is 
cbserved m ainly in the central and upper segment of the va lley ,  
and thus is less connected  with the ice-marginal stream way as its base- 
bvel of erosion. The considerable height of the flood terrace of the 
łobżonka v a lle y  must be ascribed to the period when the ice-marginal 
śream w ay  w as abandoned and its peat cover was developing. The 
small erosional steps, incised into the flood terrace of the Łobżonka, 
vere probably formed during the meandering of the N oteć river. Con
sequently, the terrace of the Łobżonka v a lley  fully correspond to the 
i:e-marginal stream way terraces, confirming both their division and 
tieir genetic character.

TERRACES OF OUTWASH AND VALLEY OF GWDA RIVER

In his contribution mentioned above, H. G. O s t  (58) describes 
jnostly the outwash terraces showing along the Gwda valley , paying  
fess attention to younger v a lle y  terraces which he calls post-Baltic
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terraces. Both the ooitiwash and the v a lley  trains of the Gwda constitute  
a striking analogy w ith  regard to the terrace lev e ls  along th e  Lower  
Brda river. At any rate, there is no doubt as to a marked concordance  
betw een  the Gwda terraces and the terraces in the ice-marginal stream
way. A s mentioned before, transition of the system  of terraces of the  
Gwda river into the system  of terraces of the Noteć ice-marginal 
stream w ay takes p lace within the Ujście Basin. W ithout taking into 
consideration the older, local outwash tracks which make their appea
rance on various heights in the neighbourhood of the outw ash v a lley  
of the Gwda and of the ice-marginal stream way*, it m ay be claimed  
that the outwash terrace of the Gwda passes, with a considerable gra
dient, into the more gentle gradient of the ice-marginal stream w ay ter
race (see map, Fig. 10), maintaining its direction as far as the bend in 
the ice-marginal streamway, near Czarnków. In v iew  of the ex istence  
of a narrow ed stretch of the ice-marginal stream way w est of the  
mouth of the Gwda, w e  m ay consider the eastern part of the Noteć  
ice-marginal stream way to be m erely  a lateral branch of the ice-margi
nal streamway, starting with the meridional course of the outwash  
v a lley  of the Gwda river.

A long the Gwda and the N oteć rivers there extend su ccessive  ter
races, w hich may be traced both upstream in the Gwda vailley and 
downstream along the N oteć ice-marginal streamway. For the first 
time fragments of the upper transition terrace (b) have been found here 
at 55 to 57 m. a. s. 1.; its counterpart in the Gwda v a lley  (north of Piła) 
is a fragment of alluvial terrace at 63 and 64 m. a. s. 1. The terraces 
are reworked by widespread melting forms (kettles), d issected by small 
tributaries of the Noteć, and undercut by this river. The problem of 
kame forms, suggested by H. G. Ost, has been discussed on page 45.

TERRACES OF OUTWASH AND VALLEY OF DRAWA RIVER

Like along the low er Gwda, steep-gradient outwash terrace accom 
panying the Drawa river (described in detail by H. G. Ost), breaks off, 
by a clearly erosive scarp, above the mouth basin of the Drawa, 
further on continued in the ice-marginal stream way terrace, which, in 
the shape of ex ten sive  fragments, appears in this section of the ice- 
-marginal stream way on both sides of the Noteć. Similarly as in the 
Gwda v a lley  the v a lley  terraces of the Drawa, including the outwash

* See, am ong others, the contribu tion  by  St. K o z a r s k i, „Z zagadnień  geo
m orfologicznych północno-zachodniej części W ysoczyzny  G nieźnieńskiej" (Some Geo- 
morphological Problems of the N orth-W estern  P art of the Gniezno P la teau ”, Zeszyty 

N aukow e U. A. M., Poznań, 1959.
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transition terrace occupy narrow area only. At any rate, in the Drawa  
va lley  all five terraces are represented as appear in the nearby ice- 
marginal stream way (see map, Fig. 10) The aera of the mouth  
of the Drawa shows numerous traces of shifts of the lower course  
of the Drwa; these shifts appear as fluvial channels on the terrace 
surfaces both of upper terraces, such as the ice-marginal stream way  
transition terrace, and of low er terraces, e. g. the upper transition  
terrace (a). The terrace island, situated south of the mouth of the Drawa  
river has developed due to meander (lateral) erosion of the Noteć. 
The mouth basin of the Drawa show s a mainly erosive (meander) cha
racter, developed in several phases, beginning with the lev e l of the 
ice-marginal stream way transition terrace. The centre of this basin is 
occupied by the low est terrace, i. e. the upper transition terrace (a), 
strongly dissected due to shallow  kettles formed by dead ice.

TERRACES OF WARTA VALLEY

The contact betw een the terraces of the N oteć— Warta ice-marginal 
stream way and the terraces of the Warta v a lley  is particularly 
important for tracing the developm ent of the ice-marginal streamway, 
and for correlating it with the older v a lley  network. The present-day  
WTarta valley, running parallel with the N oteć va lley , occupies the 
southern margin of a gigantic peninsula of the ice-marginal streamway  
terrace, to a large extent covered  by compact dunes. Thus, the ice-mar
ginal streamway terrace extends not on ly  along the Noteć, but along  
the Warta river too. Beginning with the mouth of the W ełna river, the  
Warta, hitherto show ing gap features, enters the area of the N oteć—  
W arta ice-marginal streamway. The southern side of the Warta v a lley  
consists of a moraine plateau, whiile on its northern side extends the ice- 
marginal streamway terrace, m ostly covered  by dunes. The terraces 
of the Warta river have  developed  parallel with the terraces of the  
Noteć. The highest terrace lev e l  in the Warta valley , incised in the 
ice-marginal stream way terrace, is the terrace which subsides from 
61 m. a. s. 1. in the neighbourhood of the junction of Welna and Warta  
to 41 m. a. s. 1. in the neighbourhood of the junction of Obra and Warta, 
in other words, not far from the place w here the Warta v a lley  joins 
the Noteć valley . This terrace corresponds to the ice-marginal stream
w ay  transition terrace; lit w as therefore already on the leve l of this 
terrace, d. e. in  the phase im m ediately following upon the ice-marginal 
streamway period proper, that the fluvial waters of the Warta river, 
flowing from the south, joined the waters of the N oteć—Warta ice- 
marginal streamway.
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Apart from the counterpart of the ice-marginal stream w ay transi
tion terrace there appears, in the end segm ent of the Warta va lley  near 
Skwierzyna, a terrace leve l of 36—35 m. a. s. 1., corresponding to the  
upper terrace in the ice-marginal streamway. On a terrace peninsula  
along the right bank of the Warta river, across from the mouth of the 
Obra a terrace fragment at 30 m. a. s. 1. has been preserved. It cor
responds to the upper transition terrace (b) in the ice-marginal stream
w ay sim ilarly as a nearby terrace fragment, of 27.5 m. altitude, cor
responds to the upper transition terrace (a). Consequently it seems  
certain that the junction of the waters of the Warta, com ing from the 
south, with the w aters flowing along the N oteć—Warta ice-marginal 
stream way lasts without interruption from the time when, during the  
Pomeranian stage, the inflow of outwash waters from the north, from 
the inland ice, ceased.

The terraces of the v a lley  of the Lower Warta w ere the subject of 
many contributions by both Polish and German scientists. R ecently th ey  
have been described by T. B a r t k o w s k i  (5) in his synthetic consi
derations of the development of the late-glacial hydrographic network  
in the central area of W ielkopolska. This author established the fo llo 
w ing relative heights of river terraces of the northern section of the 
W arta v a lley  (i. e. downstream its gap section). For the direct com pa
rison, the relative heights of the terraces of the N oteć—W arta ice-mar
ginal stream way have  been g iven  on  the Table 3.

T a b l e  3

W arta  valley N oteć—W a rta  ice-marginal 
s t ream w ay

Terrace I 0—3 m. Upper flood terrace
<i 11 3—6 to 4—7 m. 5 m.

Ill 9— 10 to 11— 13 m. 7— 9 m
* „ IV 9— 11 to 15— 17 m. 10— 12 m.

V 15— 17 to 18—20 m. 15—22 m.

T. B a r t k o w s k i  asserts that delimitation betw een terrace IV and 
terrace V  is not a lw ays indisputable. This is easily  understood, taking  
into consideration the very  slight d ifference in  their re la tive  heights. 
I also think that a number of terrace remnants in the section of the 
Warta v a lley  under discussion should be assigned not to terrace IV, 
but to terrace V, i. e. to the highest terrace in the Warta va lley , corres
ponding to the terrace of the Noteć— Warta ice-marginal streamway.

Here, also, arises the problem of terrace VI, distinguished by 
T. Bartkowski as the highest level, no more fluvial, but constituting
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a transition stage to outwash forms. In his opinion, terrace VI occupies  
the entire area between the N oteć and Warta rivers (a terrace pen in 
sula), and, further eastwards, the so-called ice-marginal stream w ay of 
the W ełna river.

In my own opinion, som e misunderstanding occurs here. I consider  
it inadmissible to correlate loca l outwash terraces, connected with t i e  
halt of inland ice along the so-called Northern Poznań moraines, 
with the main ice-marginal stream way terrace (between the two rivers), 
which developed during the Pomeranian stage. Besides, as indicated  
by both description and longitudinal profile of the terraces in T. Bart- 
kiowski's contribution (5, Fig. 14), this leve l shows no w estw ard gradient. 
Moreover, in the longitudinal profile, terrace VI is com posed of two  
separate levels. The low er level, from 60 to 61 m. a. s. 1., extending  
from Obrzycko westwards, m ay correspond to the ice-marginal stream
w ay  terrace, occupying —  as shown by the author —  the entire terrace  
peninsula; on the other hand the higher leve l (65 m. a. s. 1.), extending  
at the same height eastwards beyond the mouth of the W ełna river, 
corresponds to an older outwash, which m ay also have has its run-off 
westwards even  prior to the formation of the Noteć—Warta ice-margi- 
nal streamway (incidentally resembling the older outw ashes in the G o
rzów Basin, as demonstrated by H. Liedtke — see  page 9). On the  
other hand, I agree w ith  T. Bartkowski, that, in the gap segm ent o f the  
Warta valley , at the lev e l  of terrace VI which terrace corresponds es  
to its relative height to terrace IV or V  on the northern section of the  
Warta va lley  (17 to 20 m.), there might have existed a bifurcation of 
the waters com ing from the W arsaw — Berlin ice-marginal stream way  
into the N oteć— Warta dee-marginal streamway. This is precisely  
the terrace which — as demonstrated above — corresponds to the  
ice-marginal stream w ay transition terrace in the N oteć— Warta ice- 
margdnal streamway, as the oldest leve l entering by w a y  of the Warta  
va lley  the N oteć—W arta ice-marginal streamway.

TERRACES OF KŁODAWKA VALLEY

At Gorzów, situated on the northern side of the N o teć—Warta  
ice-marginal stream way, below  the entry of the Warta into the ice-mar
ginal streamway, into this stream way enters the small Kłodawka  
va lley  which, according to L. P i l a r  c z y k ' s  investigations (62), has 
six terraces. The Kłodawka, like the Brda, Gwda and Drawa rivers, is 
an outwash river draining the Barlinek outwash, which is genetically  
connected with the moraines of the Pomeranian stage. The first, i. e.
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the low est of these terraces (1— 2 m.) distinguished by this author, is 
the flood lev e l  of the ice-marginal streamway, while the second, third 
and fourth terraces appear, in the form of small ledges, both in the 
Kłodawka v a lley  and at its outlet into ice-marginal streamway. In the  
Kłodawka valley , L, Pilarczyk discovered a fifth terrace and a sixth  
terrace too, which, in his opinion, is a prolongation of the Barlinek 
outwash. W e are interested in the terrace of the Kłodawka va lley  be
cause of theiir connection  with the terraces of the N oteć—Warta ice- 
marginal stream way terraces, described above. Table 4 is a compara
tive  table of the terraces from the neighbourhood of the mouth of the 
Kłodawka into the ice-marginal stream way (according to L. Pilarczyk), 
and of the terraces of the ice-marginal stream way (according to the 

author's own research):

T a b l e  4

M outh of the Kłodawka valley  
into the ice-marginal s t ream w ay

Total ice-marginal s t ream w ay

1) 5-metre terrace 5-metre te rrace

2) 8-metre te rrace 7— 9-metre te rrace

3) 9— 11-metre terrace 10— 12-metre te rrace

4) 12— 14-metre te rrace 15—22-metre te rrace

5) 15-metre te rrace 18—25-metre te rrace

The above com parative table demonstrates the full agreement of the 
first three terrace lev e ls  distinguished. The fourth terrace of the mouth 
of the Kłodawka is probably a transition level, connected with a chan
ge of the base-level of erosion caused  by a lateral shift of the me- 
andring ice-marginal stream way waters, whereas the 15-metre terrace 
of the Kłodawka, the highest terrace lev e l  discovered along the Kło
dawka, is connected with the 15 to 22-metre terrace of the ice-marginal 
streamway. This is th e  ice-m arginal transition terrace. At this period  
there was no run-off of outwash waters any more, neither along the 
Brda nor the Gwda or the Drawa, nor —  ever less so —  along the Kło
dawka, since the lobe of the Odra had undergone deglaciation earlier 
than the parts of the inland ice farer east, from which the outwash w a 
ters w ere flowing. Consequently, the 15-metre terrace of the Kłodawka 
is undoubtedly a river terrace, representing the oldest phase in the 
developm ent of the Kłodawka river. On the other hand, the erosive  
plain at a lev e l of 60 to 65 m. extending along the eastern bank of the  
Kłodawka va lley  represents in accordance with the opinions of W old- 
stedt and Liedtke, the lev e l  of an outwash run-off, older than the ice- 
marginal streamway terrace; a similar outwasch plain reaches the ice-
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marginal streamway above Santok, breaking off at approx. 60 m. a. s. 1. 
above the terraces of the ice-marginal streamway, or an outwash, 
which ends erosive ly  at approx. 40 m. a. s. 1. on both sides of the M yślą  
v a lley  above the Odra valley .

In the F i n o w  v a l l e y ,  entering the Odra v a lley  from the  
west, there appear, according to German investigations, 4- and 8-metre 
terraces. They correspond to terraces I and II in the Odra valley . In 
the M y ś l ą  valley , which  enters the Odra va lley  from the east, three  
terraces have been found, of relative heights of 5, 9 and 15 m. respecti
vely . Consequently they  correspond to terraces I, II and IV of the 
Odra V alley. These terraces have been undercut by the Odra. T here
fore their absolute heights in the places of undercutting are different 
(higher) than in the Odra valley .

The above survey  of terraces in the va lleys  connected with the  
N oteć—W arta ice-marginal stream way confirms the division, made  
above, of the terraces in the ice-marginal stream way into five terrace  
leve ls , which appear, in larger or smaller fragments, over the entire  
length of the ice-marginal stream way (disregarding local outwash  
plains, which break off in erosive  scarps above the ice-marginal stream- 
way, and without considering the 1 to 2-metre over-flood terrace). In 
the light of this determination it has in turn been possible to interpret 
the morphological age and genetic character of terraces in the v a lley s  
connected with the ice-marginal streamway. This analysis leads us to 
a definition of the part played by the Noteć—Warta ice-marginal 
streamway, in the late-glacial drainage on the Polish Lowland pre
sented in the final chapter of the present paper.

FLOOR OF ICE-MARGINAL STREAMWAY

After the Vistula waters had abandoned the ice-marginal stream w ay  
and(i after an extended period of bifurcation, had definitely turned  
northwards, running off b y  the present-day va lley  of the Lower Vistula, 
the ice-marginal stream way floor was gradually filled with muds and 
peat bogs. A  general picture of the floor of the ice-marginal streamway, 
for the section from Bydgoszcz to Santok, disregarding peats and depo
sits connected with them, w as obtained by T. Ch u r s k i (10) on the  
basis of 1070 sounding and borings, undertaken in 1954 to 1959 in the 
area of peat formations covering the ice-marginal streamway; this field  
work was carried out by Zakład W ykorzystania Torfowisk Instytutu M e
lioracji i U żytków  Zielonych in Warsaw. T. Churski designed a contour
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map of the original floor of the ice-marginal streamway, with numerous  
cross-section and a longitudinal profile.

This survey  proved that, underlying the organogenic formations, 
the floor of the ice-marginal stream way is greatly diversified. D epres
sions in the floor of the ice-marginal stream way frequently more than  
ten metres deep, are separated by sw ellings reaching up to the surface of 
the peat bogs. These sw ells  are formed by alluvial comes of rivers ente
ring the ice-marginal streamway. The largest of them, sepa rating peat 
bogs, w ere formed by the Noteć and the Gwda. The bottom of the basin 
which underlying the peat, situated east of the cone of the N oteć  riwer, 
lies at the altitude of 55 to 52 m. a. s. 1., while the bottom of a basin, 
situated betw een the peat-covered cones of the Noteć and the Gwda, 
is lowered to a minimum height of 45 m. a. s. 1., east of the mouth of 
the Łobżonka. In addition to these large depressions there appear nu
merous small elevations and hollows, some of them former river beds, 
other show ing the shape of distinct kettles. Below the mouth of the 
Gwda there! also m ay be noticed, on the floor of the ice-marginal 
stream w ay underneath the peat, oblong depressions of fluvial type and 
kettles. In the formation of peat-bogs, m ostly of reed or reed-sedge  
type, there participated running waters, waters collecting in basins, 
spring waters and surface waters flowing down v a lley  slopes. U sually  
the peat is markedly muddy. The total thickness of both gyttja and peat 
m ay reach as much as 15 m; as a rule, it is several metres.

The small lateral v a lley s  of the ice-marginal stream way are filled  
with peat, e. g. the Sleska V alley, west of Nakło, investigated by Zofia 
and Zygmunt C h u r  s k i  (9). In the bottom part of gyttja and peat, in 
silt sediments there appears a m acological fauna. The filling of the 
channel of the ice-marginal stream way with organogenic sediments  
must have started in  the pre-Boreal period (60, 76).

Instead of peat, loca lly  underlain by gyttja, sands, interbedded with  
peat and silts cover in many places the surface of the ice-marginal 
stream way floor. The thickness of the sediments which fill the former 
ice-marginal stream way bottom m ay amount to 9 m., as is the case, e. g., 
in the neighbourhood of Gorzów (62), where sands and fluvial gravel 
with pebbles lie  underneath.

The rich and varied relief of the ice-marginal stream way bottom is 
a result both of the erosive  and aggrading action of rivers, and of the 
melting of dead ice blocks. Filled with fluvial and organogenic depo
sits from the period w hen liver  flow  in the ice-marginal stream way  
dwindled, the ice-marginal streamway floor represents the low est v a lley  
level, formed by these waters prior to their abandoning the ice-mar-

5 — Prace geograficzn e
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ginal stream way and continuing their run-off along the Vistula v a l le y  
(see comparative table of terraces on page 56). Between the tow ering  
ice-marginal stream way terrace and its now covered  bottom there took  
place the entire geom orphological history of the late-glacial N oteć—  
Warta ice-marginal streamway, genetically  connected with the Pom e
ranian stage, and developing up to the period w hen the Vistula waters  
changed their run-off to the north, along the Vistula valley.

And it is here that a now problem arises. Numerous borings within  
the area of the ice-marginal stream way have proved the existence of 
fossil va lleys, reaching a great many meters below  the floor of the 
ice-maTginal streamway.

A s early as in 1885 L i e b e n a u (47) indicated in his geo logica l  
atlas of Bydgoszcz the existence of a fossil valley , running parallel to 
the Lower Brda river (north of Bydgoszcz), incised in Pliocene clays  
and filled with fluvial and fluvioglacial deposits *. Recently, M. Ż u- 
r a w s k i  (86) has described this same fossil v a lley  a second time, 
unaware of Liebenau's contribution. According to M. Żurawski's descrip
tion the width of the fossil v a lley  is 1000 to 1500 m. Its bottom  
lies approx. 21 m. below sea level. The depth to  w hich the v a lley  is  
incised in Tertiary sediments reaches up to 65 m., while the depth of 
the v a lle y  bottom with regard to the present-day surface, represented  
by the upper middle terrace (55 m a. s. 1.), i. e. the floor of the N oteć—  
—Warta ice-marginal streamway (see table of terraces on page 56) 
amounts to 76 m.

The fossil va lley  in question has no kind of connection w ith the  
present-day postglacial v a lle y  of the Brda river. The present-day Brda 
flows along the low est course since the time its va lley  was formed, or 
it flows in a channel filled with alluvia of severa l metres thickness. The 
author's investigations in the Brda v a lle y  (18), in the profile of the 
upper middle terrace north of Bydgoszcz, indicate, under a 0.70 m. top 
layer of soil and sands, 1.40 m. compact y e llo w  boulder c lay  laid down  
on the P liocene Poznań clays. At Tryszczyn, on the right bank of the 
Brda, sands and gravel appear on the above terrace directly on top of 
the Poznań clays, w hile on the surface of the terrace piles of coarser  

material m ay be seen, including boulders up to 1 m. dia. This show s that 
at the leve l of the terrace under discussion fluvial erosion reached as 
far as the surface of the Poznań clays. In the light of the above facts 
w e have the right to consider the fossil v a l ley  in the neighbourhood

* See its description in the paper by R. G a l o n :  Z geografii Bydgoszczy (A Con
tr ibution  to the Geography of Bydgoszcz), in: Przegląd Bydgoski, Bydgoszcz, 1933.
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of Bydgoszcz, appearing deep in the upper middle terrace, to be older 
than the boulder clay  which here and there appears erosive ly  on the 
surface of this terrace, while in other places it is replaced by a resi
dual boulder pavement. The boulder clay  has also been rem oved by  

the erosive  action of waters flowing above the fossil valley .
I am inclined to lea v e  open the question whether the rem oval of the  

fairly thin layer of boulder clay  was brought about by the action of 
waters of the N oteć—Warta ice-marginal stream way w h ile  they incised  
progressive ly  older Pleistocene deposits, reached the top of the P liocene  

clays and cut into this deposit too, of whether this process occured  
partly too during the phase preceding the formation of the ice-marginal 
stream way in its present-day shape, for instance, during the period of 
the halt of inland ice along the northern edge of the ice-marginal stream
way. Undoubtedly, the N oteć— Warta ice-marginal stream way made use  

of an older, perhaps even  an interglacial va lley  track *.

The latter thesis seem s to be supported by tw o cross-section through  
the N oteć ice marginal streamway in the neighbourhood of Dębowa  
Góra (Osiek on the Noteć river), presented in St. G a d o m  s k a ' s  inte
resting contribution (12). This author had at her disposal material from 
tw o  series of drillings carried out transversely  to the ice-marginal 
stream way and the moraine plateau adjoining this stream way on bolh  
sides. Part of these drillings have pierced the Quaternary deposits and 
gave  access to P liocene formations (the Poznań clays) and M iocene sedi
ments (quartz sands, silts and brown coal). The distance betw een both 
these profiles is barely a few  kilometres, hence the cross-sections are 
much alike in this place. I am disregarding the profiles of the moraine  
plateaus, being interested, in accordance with the subject-matter of the 
present chapter, in the deposits filling the ice-marginal streamway. The 
profiles drawn by St. Gadomska indicate that underlying the present-day  
ice-marginal stream way bottom, filled with peat, there ex ists  a fossil 
v a lley  of more than 40 m. depth; in the first profile the width of this 
v a lley  is some 5 km., and its floor lies at approx. 10 m. a. s. 1., while  
in the second profile the width of the v a lley  is 3.5 km w ith its floor at 
approx. 3 m. a. s. 1. In St. Gadomska's opinion, this fossil v a l le y  was 
formed by fluvial erosion, most probably during the last interstadial, 
when both Pleistocene and Pliocene deposits w ere eroded and M iocene  
sediments w ere penetrated. This v a l ley  was subsequently filled with  
Quaternary deposits from the period of the youngest halt of inland ice  
during the Pomeranian stage, at the period of the Baltic glaciation and 
the late Glacial and post-Glacial. They are deposits of ice-dam med lake,

* See the au th o r’s view expressed in 1929 (13).
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fluvioglacial, fluvial and organogenic origin. Their maximum thickness  
in the neighbourhood of Żuławka is 42.5 m.*

M y own interpretation of both the above profiles differs from St. Ga
domska's v iew s as summarized above, as to the origin of the fossil 
valley . In m y comment on the m orphology of the Brda outwash and the 
Brda v a lley  presented by St. Gadomska. I already pointed out that the 
outwash run-off connected with the halt of inland ice during the Pom e
ranian stage reached along the Brda valley , the ice-marginal streamway  
at a leve l of 80 m. a. s. 1. This is the so-called outwash terrace, eroded  
principally in boulder clay. The counterpart of this terrace in the Noteć  
ice-marginal stream way is, as described above, the so-called ice-mar
ginal streamway terrace, fragments of which, according to the research  
of St. Kozarski and J. Szupryczyński (37) also appear across from D ę
bowa Góra, at the altitude of 75 m. a. s. 1. also as an erosive surface. 
During the successive development stages of the ice-marginal stream- 
way, perpetuated in terrace levels, the fluvial waters, by stages, sub
sided more and more, depending on changes in the base-level of ero 
sion, ultimately reaching the leve l of the present-day bottom of the 
ice-marginal streamway; this bottom is filled with a layer of organo
genic deposits of several meters thickness, laid down during the period  
of stagnation of waters in the ice-marginal streamway, after it ha!d 
been abandoned by the Vistula waters. Near the entry of the Łobżonka 
river the former bottom of the ice-marginal stream way lies at approx. 
50 m. a. s. 1. It was, therefore, within the range of these two heights, 
i. e. between 75 and 50 m. a. s. 1., that the developm ent of the ice-mar
ginal streamway went forth, connected with the Pomeranian stage of 
the last glaciation and the post-Glacial period. Thus the fossil va lley  or 
ice-marginal streamway, described by St. Gadomska, cannot be assi
gned to the Pomeranian stage, and the various deposits which fill this 
valley  are correspondingly older.

M oreover, I wish to call attention to certain inaccuracies in the 
interpretation of the borings presented by the above author, and to 
the possibility of assuming a different course of the processes of sed i
mentation. First of all, the „Noteć accumulation terrace" described by 
St. Gadomska, v isible in both profiles, is identical with the ice-marginal 
streamway transition terrace described in the present paper and situ
ated, within the area under discussion, at 66 to 68 m. a. s. 1. It may not 
have been clear from examination of its bore samples that this is an 
erosive terrace, incised in stratified intermoraine sands (see descrip
tion of terrace on page 30), here and there intercalated by varved

* St. G a d o m s k a ,  op. cit., page 379.

http://rcin.org.pl



Floor of Ice-marginal Streamway 69

clays or covered with boulder clay  or residual boulders. The upper 
transition terrace (b), situated at the foot of this terrace near Lipia 
Góra at approx. 63 m. a. s. 1., is similarly incised in stratified inter
moraine sainds and gravels  and on the terrace surface heaps of big  
boulders are scattered*. In both cross-sections through the ice-marginal 
streamway the above-m entioned formation is the substratum for peat 
deposits filling the original bottom of the N oteć— Warta ice-marginal 
streamway. The stratified sands and gravels underlying the floor of 
this v a lley  are continued in intermoraine sands beyond the ice-mar
ginal streamway. It also seem s probable that the series of sands and 
gravels underlying, in the area of the ice-marginal streamway, the 
intermoraine formation under discussion, is also continued in the  
sands which underlie the second boulder clay deposits on the glacial 
plateau adjoining the ice-marginal streamway. The conclusion which  
suggests itself is simple: the deposits filling the fossil v a l ley  are sepa
rated from the higher-lying bottom of the N oteć—W arta ice-marginal 
stream way by at least a series of iintermoradne deposits w ith  remnants 
of boulder clay. Consequently, this confirms the description of the  
developm ent of the N oteć— Warta ice-marginal stream w ay  given  
above, a developm ent perpetuated by four erosive terraces beginning  
with the ice-margi.nal stream way terrace, and, at the streamway's  
bottom, slightly covered with organogenic formations. W e  note here  
a striking resem blance with the fossil v a lley  in the neighbourhood of 
Bydgoszcz, described by M. Ż u r a w s k i .

N ext arises the question, how  to explain the origin of the fossil 
v a lley  described above iin the depth of the N oteć—Warta ice-marginal 
streamway, in the neighbourhood of Dębowa Góra. I have m y doubts 
whether such a river v a l ley  exists at that place at all, at any rate, on  
the basis of the cross-sections presented by St. G a d o m s k a .  Both 
the slopes of the fossil v a lley  and the fossil terraces are suggestions  
not at all based on boring results. If w e  do assume the existence of 
a large river va lley , it seem s difficult to explain so big a difference in the 
lev e ls  of the floor of this v a lley  on so small a distance (3 m. a. s. 1. 
and approx. 10 m. a. s. 1.), as w ell as the considerable difference in the 
width of this v a l le y  from 3.5 and 5 km.) and, finally, its being filled  
with ice-dammed lake deposits. It is possible that here w e have to do 
with sedimentation basins filled with ice-dammed lake deposits; their 
later covering with intermoraine sands and boulder c la y  failed to  

lev e l  these depressions. The survival of these forms has probably con-

* See photographe 2 in the  paper by S t .  K o z a r s k i  and J. S z u p r y c z y  ri
s k  i (37).
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tributed to the subsequent formation of an ice-marginal streamway,  
in spite of the existence of numerous e levations of end moraines in 
this area.

NOTEĆ—W ARTA ICE-MARGINAL STREAMWAY  
AGAINST BACKGROUND OF GEOLOGICAL STRUCTURE 

OF MORAINE PLATEAU

The ice-marginal streamway, incised to a depth of some tens of 
metres into the moraine plateau, reveals a long its slopes and on the  
surface of its erosive terraces the successive  elem ents of a series of 
Pleistocene strata, and it deep ly  penetrates Pliocene and M iocene se- 
diments too. In some places, the upper parts of the Pleistocene deposits  
have hardly been  cut into, w hile  in others, hight up on the slopes of 
the ice-marginal stream way and on its terraces, w here the Pleistocene  
deposits are of smaller thickness, P liocene Poznań clays are exposed.  
For indeed, as w ell known, the fossil surface of the Tertiary sediments 
is very  much diversified.

The course of the Warta— N oteć ice-marginal streamway, except
ing the Toruń and Kostrzyń Basins, does not exhibit any fundamental 
dependence with the relief of the Quaternary substratum, the orograiphi- 
cal axes of which rather run cross-w ise to the ice-marginal streamway. 
H ence the observed variability in the appearance of Tertiary sediments  
within the area of the ice-marginal streamway. This same cross-wise  
cutting of elevations of the Quaternary substratum by the ice-marginal 
stream way m ay be observed along the ice-marginal stream w ay section  
of the Brda va lley , w here the Poznań clays attain a height of 66 m. 
a. s. 1., approaching the altitude of the surface of the upper terrace  
of the ice-marginal stream w ay (approx. 70 m. a. s. 1.). The next incision  
of the ice-marginal stream w ay into Tertiary formations occurs along  
Dębowa Góra and subsequent moraine elevations, situated above the 
northern ed ge  of the ice-marginal streamway, betw een  the Łobżonka 
and the Gwda, as w ell as on the southern side of the ice-marginal 
streamway, in the neighbourhood of Chodzież. These elevations, ho
w ever, are connected  with glaciotectanic processes on  the l ine  of the 
fossil K ujaw y— Pomerania anticlinal ridge, and som e of these high- 
ly ing Tertiary formations form exten sive  xenoliths underlain by  
Pleistocene deposits. The next e levation  of the Quaternary substratum 
to be cut by the ice-marginal stream w ay lies in the neighbourhood  
of the large terrace peninsula. Most clearly exposed are P liocene Po
znań clays, as w ell as M iocene quartz sands on the low er terraces of 
the Warta valley .
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The thickness of the series of Pleistocene deposits, and, at the same  
time, the number of layers of boulder c la y  depends, as has been  said  
above, on the relief of the Quaternary substratum. In accordance with  
the leve ll in g  role played by the cover of Pleistocene deposits on top 
of the sub-Quaternary surface, the number of both moraine layers and 
inter-moraine deposits increases in depressions of this surface, and 
decreases at its elevations.

In the slopes of the ice-marginal stream way there usually  appears as 
their highest stratum the youngest layer of boulder clay, in numerous 
places interbedded by sands or silts. Below  this frequently bipartite, 
boulder clay, there appers a series of intermoraine stratified sands 
and gravels intercalated by numerous lenses of varved  c lay  and silts, 
and exposed  on erosive terrace levels. Depending on the relief of the 
substratum, there appears below this series of intermoraine deposits  
a varying  number of layers, separated by sands and silts. I am disre
garding the specific problem of age interpretation of the Quaternary  
deposits, ev en  of those intermoraine clays and sands which are exposed  
within the area of the ice-marginal streamway. This problem, as to 
Quaternary deposits appearing in the neighbourhood of the ice-marginal 
streamway, has been dealt with by E. R ü h l e  (65), St. G a d o m s k a  
(12), B. K r y g o w s k i  (42), and others. H owever, fo llow ing the 
exam ple of Z. and Z. C h u r  s k i  (9), I wish to call attention to the 
marked variability of the structure of the Quaternary along the ice- 
majrginal streamway, in v iew  of numerous glaciotectonical dicturbances 
determined in this area, and the difficulty of tracing individual depo
sits over a longer stretch of land. M oreover, even  on both the above-  
m entioned cross-sections of the Quaternary of the neighbourhood of 
the N oteć ice-marginal stream way near Dębowa Góra, barely a few  
kilom eters distant from each other, the number of boulder c lay  layers  
differs.

At the same time, however, similarly as along the Lower Vistula (17), 
one series of strata in particular seem s to have, relatively, the most 
regular and continuous course. This series of stratified sands and gra
v e ls  and of varved  clay, ly ing at the bottom of the upper boulder clay  
layers. These deposits, eros ive ly  incised, appear on nearly all terraces  
of the ice-marginal streamway. Long ago, the author has called atten
tion to the observed accumulation of major series of varved  clay, 
representing former ice-dam med lake basins, within th e  intermoraine  
formations in the region of the Toruń Basin and the Lower Vistula  
v a lley  (19). V arved clay  appears in numerous places of the N oteć ice- 
marginal stream way betw een  N akło and Pila, mostly exposed  by the 
erosive  surface of the ice-marginal stream way transition terrace, A  ma-
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jor ice-dammed lake basin is contained in the mouth basin of the Gwda 
into the ice-marginal streamway, in the neighbourhood of Piła, reaching, 
at the least, from Dziembówko in the east beyond the western quarter 
of Piła. Here the clays are being utilized in numerous brick-yards (see 
Fig. 1). In the mouth basin of the Drawa, for instance on the ice-margi
nal streamway transition terrace at Drawiny, there also appear major 
series of ice-dammed lake clays underneath stratified sands. It is, ho
wever, the Gorzów Basin in particular, and as a wider form, the Ko
strzyn Basin which abounds in ice-dammed lake clays, which appear 
within a large intermoraine deposit. Am ong more important localities  
.where silts and varved clay  appear in greater thickness, there should  
be mentioned Skwierzyna-Gaj and M urzynow o at the eastern side of 
the Basin, Brzozowiec within the Basin itself, Słońsk on its southern, 
Neuenhagen in the west and W itnica and the neighbourhood of Gorzów  
in the north. This indeed is an extensive  ice-dammed lake basin, the  
sediments of which have been made accessible owing to the erosive  
action of outwash streams and ice-marginal stream way waters. Upon  
the ice-dammed lake deposits there most frequently lie intermoraine 
(fluvioglacial) stratified sands, deprived of their moraine covering by  
erosion; this is indicated by the considerable number of boulders which  
occur on the surface of the ice-marginal streamway terraces.

If, moreover, w e take into consideration the interpretation given  
above of the fossil va lleys  or basins existing in the N oteć ice-marginal 
streamway and within the area of the ice-marginal streamway in the  
neighbourhood of Bydgoszcz, w e might suggest the thesis of the predis
position of the present-day ice-marginal v a lley  of the Noteć— Warta. 
It finds its expression not in the relief of the Quaternary substratum  
revealing orographical tendencies rather at variance with the course  
of the ice-marginal streamway, but in a string of depressions in the 
Pleistocene surface left after the penultimate glaciation (glaciotecto- 
nics?), filled with ice-dammed lake deposits. The deposits of the last 
glaciation failed to lev e l  the string of depressions, and consequently,  
it became the space for collecting meltwater and for its run-off to the 
west.

GEOMORPHOLOGICAL DEVELOPMENT OF NOTEĆ— WARTA  
ICE-MARGINAL STREAMWAY

PHASE PRECEDING POMERANIAN STAGE

An analysis of the ice-marginal stream way terraces and of stream- 
way's bottom, and of their connection with the outwash terraces and 
the v a lley  terraces of the Lower Vistula and the Lower Odra enables
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us to reconstruct the developm ent stages of the N oteć— Warta ice-mar
ginal streamway, from the time of the Pomeranian stage of the last g la 
ciation right down to the present moment.

W e still continue to do mere quesswork, in so far as the period pre
ceding the Pomeranian stage is concerned, a period which reached back 
to the moment of the halt of the inland ice along the moraine extending  
along the Noteć. At the time of this Noteć phase there developed nu
merous marginal forms of inland ice, which ow e their glaciotectonic  
structure to  oscillating m ovem ents of the glacier edge. Connected with  

these processes is also the formation of terminal depression with thrust 
moraines in the neighbourhood of Chodzież (39). A long the Noteć thrust 
moraines existed depressions which ow ed their existence to either 
glaciotectonical processes, or to an inadequate aggradation of the 
ice-dammed basins formed during the penultimate glaciation. These  
depressions started to be filled up with silt deposits which  now appear 

immediately under the organogenic deposits laid down on the floor 
of the later eroded ice-marginal streamway. At the time of these glacial 
oscillations there developed local outwash tracks of a general southward  

trend, at any rate running contrary to the later E—W  course of the 

ice-marginal streamway, and concurring only with the meridional s e g 
ment of the ice-marginal stream way downstream the mouth of the Gwda.

MAXIMUM PHASE OF POMERANIAN STAGE,
OR PHASE OF OLDER LOCAL OUTWASHES

German investigations indicate that, in the area of the Kostrzyn  
Basin and of the ice-marginal stream way gap near Eberswalde*, the  
Noteć— Warta ice-marginal stream way was probably formed du
ring the Pomeranian stage; however, owing to the different distance 
of the edge of the inland ice from the present-day path of the ice-mar
ginal stream way which extends at least from Toruń to Eberswalde and 
even further westwards, the origin of this ice-marginal stream way is 
complicated. The w estern  segm ent of this ice-marginal stream way w as  
situated in close proximity of, and even  in contact with, the end m o
raines of the Pomeranian stage (i. e. with the Odra ice lobe, reaching  
far to the south), while, on the other hand, the eastern section of the  
ice  marginal stream way was situated far aw ay from the front of the  
inland ice which ran along the line Czaplinek, Bobolice, Bytów and 

Kościerzyna, w here the ice lobe of the Vistula began. Therefore, while  
in the west, in the region of the Kostrzyn Basin, outwash tracks d ev e 

* In particular, field studies conducted  by H. L i e d t k e  (48, 49).
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loped gradually contributing to the formation of the ice-marginal stre 
amway, in the east, in the forefield of accumulating marginal forms 
of the Pomeranian stage, the first outwash cones developed which did 
not reach as far as the present-day ice-marginal streamway.

But, in the light of H. Liedtke's research, ev en  in the western pa:t  
of the ice-marginal stream way its evolution passed several stages. At  
the same time of duration of the Odra ice lobe, meltwater, as indicated  
by the course of outwash tracks connected with this period, ran over  
and beyond the present-day Kostrzyn Basin, escaping along various  
w ays into the W arsaw —Berlin ice-marginal stream way (see descrip 
tion  on page 9), among others also through the ice-marginal stream way  
narrow near Eberswalde. This period saw  the formation of the outwash  
surface which breaks off on the line Stara—Rudnica— Siekierki— Gozda- 
w ice above the Odra v a lley  at approx. 58 m. a. s. 1. At that time th e .e  
probably also existed an outwash run-off, now  breaking off at 65 m. 
a. s. 1., along the Kłodawka valley , above the Warta ice-marginal 
stream w ay near Gorzów.

I am not convinced  of the necessity  of agreeing with German au
thors, assuming the filling of the Kostrzyn Basin with extensive, com pact  
masses of dead ice (according to B e s c h o r e n  of a thickness of as 
much as 50 to 80 m.) in order to make possib le  the flow of outwash  
waters from the present day northern side of this basin to its southern  
side and, further on, to the W arsaw —Berlin ice-marginal streamway. 
First of all, the present-day slopes of the Kostrzyn Basin ow e their 
shape, and the Basin itself —  its contour and depth, to younger erosion  
processes of the Odra and Warta (see map, Fig. 10) *. In all probability, 
and in accordance with the above-m entioned author's thesis of a conti- 
nuos track of ice-dammed basins preceding the last glaciation, and of 
the predisposition of the present-day ice-marginal streamway, along  
with its characteristic depressions, there existed in the place of the pre- 
sent-day Kostrzyn Basin a depression in the moraine surface, where  
blocks of dead ice may have been buried in the moraine material. After  
the aggrading of the depression by outwash deposits, meltwater spread  
more southwards reaching the W arsaw —Berlin ice-marginal stream way; 
in doing this th ey  cut into the moraine plateau, forming the present 

outwash surfaces which reach the edge of the plateau at a height of 
55 to 65 m. a. s. 1.

* This happens to be the w eak  point in the m aps contained in H. L i e d t k e ' s  
•contribution (48), w here, on pages 38— 39, the successive developm ent stages of the 
ice-marginal s tream w ay are given: no considera tion  has been given to the la ter  

i(Holocen) erosive w idening of the Kostrzyn Basin.

http://rcin.org.pl



Recession Phase of Odra Ice Lobe 75

PECESSION PHASE OF ODRA ICE LOBE 
(ANGERMÜNDE—C H O JN A  PHASE), OR 

PHASE OF YOUNGER LOCAL OUTWASHES

After recession  of the Odra lobe to the line of the moraines of the 
Angermünde phase, which east of the Odra have their counterpart in 
the moraines of the neighbourhood of Chojna, there fo llow ed a new  
outwash forming. N ew  outwash tracks cut into previous outw ash plains, 
and lie at present at 40 to 50 m. a. s. 1. above the M yślą v a lley  and near 
Witnica. It therefore seem s unnecessary to accept H. Liedtke's v ie w 
point that the surface of the ice m asses in the basin has subsided exactly  
to such lev e l  as m ade possible the run-off of the outwash waters at the 

desired level.
During this phase it was not on ly  outwash waters that passed from 

the east along the ice-marginal stream way of the Warta (the extent of 
this stream way is unknown) but, in accordance with H. Liedtke's opi
nion, for the first time th ey  also ran off westwards through the ice-mar
ginal stream w ay narrow near Eberswalde (see description on  page 9). 
It w as then that the ice-marginal streamway, probably comprising both 
the Warta ice-marginal stream way and the Eberswalde ice-marginal 
streamway, cam e into existence.

In this period it is yet appropriate to speak of the Toruń— Ebers
walde ice-marginal streamway, as H. Liedtke does, since at that phase 
the eastern segm ent of the ice-marginal streamway, i. e. the N oteć  
ice-marginal stream w ay with the Toruń Basin, did not yet exist.

PHASE OF SHRINKAGE OF ODRA ICE LOBE 
OR PHASE OF THE OUTWASH-ICE-MARGINAL STREAMWAY TERRACE

In the meantime, w hile  the oldest recession  phase of the Pomeranian  
stage w as going on  east of the shrinking Odra ice lobe, outwash  
tracks in the shape of outwash v a lley s  reached, along the present-day  
Wda, Brda, GWda and Drawa rivers, down to the then shallow  
depressions in the zone of the Noteć moraines, transforming these de 
pressions into a v a l le y  course which, ev en  now, betrays its origin by  
its basin-like w idenings and v a lley  gaps. The water flow through the 
outwash v a lley  of the Gwda river was probably stronger than the flow  
along outwash trains situated further, since it was the outwash va lley  
of the Gwda that gave  its direction to the succeeding section of the 
ice-marginal streamway, into which the upstream part of the ice-margi
nal stream w ay entered as lateral va lley . It was then that the uniform 

out-wash and ice-marginal stream way lev e l was formed, described  
above as the ice-marginal streamway terrace; to this terrace are cor
related the outwash terraces of the Brda, Gwda and Drawa rivers.

http://rcin.org.pl



76 Rajmund Galon

This terrace lies at the altitude of 32 m. on the v a lley  island of 
Bralitz— N euenhagen  in  the Kostrzyn Basin, 3 m. lower than the bottom  
of the Eberswalde ice-marginal streamway, disregarding the later in 
cision of the Finow river. Thus the run-off of ice-marginal streamway  
waters arriving from the N oteć ice-marginal stream way did not proceed  
westwards through the ice-marginal streamway gap near Eberswalde, 
but —  as indicated by the further course of this terrace —  northwards 
along the v a lleys  of the Lower Odra and the Randow, w here the ice- 
marginal streamway terrace has benn tracked as far as the neighbour
hood of Blumberg and Bagemühl, at a height of 18 to 20 m. a. s. 1. It is 
probable, however, that part of the waters, during exceptional floods 
perhaps overflow ed westwards along the Eberswalde valley; proof m ay  
be a terrace fragment found at the outlet of the ice-marginal stream way  
gap, at 32 m. a. s. 1. Consequently, a bifurcation must have existed here. 
A t the same time the waters of the Odra joined the ice-marginal stream
w ay waters, as indicated by a terrace fragment at W riezen, at 36 to 
37 m. a. s. 1. H. Liedtke called the above ice-marginal stream way course  
the N oteć— Randow ice-marginal streamway.

During this principal phase the ice-marginal stream way run-off, 
comprising the outwash waters of the Vistula lobe and of minor ice  
lobes, situated w est of the Vistula ice lobe, the Odra ice lobe was  
already shrinking. At any rate, active ice occurred on ly  as far aw ay  
as the neighbourhood of Szczecin, presumably along the line of local 
thrust moraines. The joint Vistula and Odra waters continued north
westwards along the Randow valley , and then, probably by the inter
mediary of the M ecklenburg ice-marginal streamway, into the Baltic 
ice-lake, which was then forming from the west.

Indeed, if the Odra ice lobe was already shrinking w hile the Pom e
ranian stage lasted in the area of the Vistula ice lob e  and the minor 
ice  lobes adjoining (it in the west, the process of deglaciation must have  
been even  more intense further west, i. e. in the region of the Danish 

islands.
The surface of both outwash terrace and ice-marginal stream way  

terrace is diversified by  numerous melting forms (kettles). A  particu
larly large number of these forms produced by melting of blocks of 
dead ice, are observed in the Gorzów Basin, this being a part of the 
Kostrzyn Basin.

A ccording to the opinion of German authors ( Os t ,  W o l d s t e d t, 
L i e d t k e ) ,  the ice-marginal streamway terrace, similarly as the 
succeeding terraces, developed  in the Gorzów Basin as a marginal ter
race, aggraded by ice-marginal streamway waters between the slope of 
the m oraine plateau and the cover of dead ice which occupied the
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deeper part of the ice-marginal streamway. Unfortunately, the above  
authors fail to explain the origin of the v a lley  depression which, in the 
case  under discussion must have existed prior to the formation of the 
ice cover.

It must be kept in mind that the area of the ice-marginal stream way  
under discussion lies in the nearest hinterland of the end moraines of 
the Poznań stage. This was, therefore, a zone w here blocks of d e a d  
ice collected, a zone, moreover, connected with the depression of the 
moraine surface, occurring within the string of the inter-moraine ice- 
dammed basins described above. Blocks of dead ice w ere  buried in 
moraine deposits. If blocks of s t a g n a n t  ice also existed  on the 
moraine surface, they undoubtedly melted as early as the initial out- 
wash phases of the ice-marginal streamway, prior to the waters eroding  
the moraine surface to the lev e l  of the ice-marginal stream w ay terrace. 
Those blocks of d e a d  ice, on the other hand, which w ere buried in 
moraine of fluviogiacial deposits, did not melt until the ice-marginal 
streamway waters had cut into the ice-marginal stream way terrace. 
For, indeed, if it had been otherwise, the kettles formed due to ice  
melting would have undergone filling by fluvial accumulation. Some of 
the ice blocks must h a v e  melted only after the next terraces in the 
ice-marginal stream way had been formed, since the discussed kettles 
appear sim ultaneously on several terraces (see map, Fig. 10).

In v iew  of this interpretation of the part played by dead ice, the ice- 
marginal stream w ay terrace is therefore a normal v a lley  terrace (of 
erosive feature); this, by the way, is indicated too by the ev en  gradient 
of the terrace surface, shown in the longitudinal profile of the ice-mar
ginal stream way (see profile of terraces, Fig. 11). It is too far-fetched  
an idea to assume, as do the above-mentioned authors, especially  
H. Liedtke, that the surface of the melting ice cover in the ice-marginal 
streamway subsided in stages, which was supposed to have permitted  
the waters to flow  at increasingly lower leve ls  and to build successive  
marginal terraces. Moreover, these terraces continue to appear, without 
any major disturbances in their gradient, further down, in the v a lley  
of the Lower Odra, responding to changes in the base-level of erosion  
in the initial Baltic area. The original extent of the ice-marginal stream
w ay  terrace has been erosionally  curtailed not only by ice-marginal 
streamway waters flowing at the leve l of the present-day low er terraces, 
but also by the present-day Warta river (e. g. in the neighbourhood of 
Słońsk), —  not to m ention the entire destroying of this terrace, as 
w ell as younger terraces too in the basin-shaped quite flat. Odra 
v a lley  upstream its meander segm ent (in the w estern  part of the Kos
trzyn Basin).
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PHASE OF SHRINKAGE OF MINOR ICE LOBES EAST OF ODRA ICE LOBE, 
AND RETREAT OF VISTULA ICE LOBE 

I. E. THE PHASE OF THE ICE-MARGINAL STREAMWAY TRANSITION TERRACE

When, east of the shrinking Odra ice lobe, the inland ice  had finally  
receded from the line of end moraines of the Pomeranian stage, there  
ceased the inflow of outwash waters from the north. On the outwash  
cones rivers developed, which cut their beds into the previously  for
med outwash surfaces and, after reaching the ice-marginal streamway, 
also into the main ice-marginal stream way terrace. The waters collected  

in the Noteć— Warta ice-marginal stream way w ere joined, from the  
south, by the waters of the Warta, which hitherto had been flow ing  
westwards along the W arsaw — Berlin ice-marginal streamway. The  
combined waters of the ice-marginal streamway and the Odra still 
continued to make Iheir w a y  northwestwards along the Randow va lley ,  
through M ecklenburg territory, to the Baltic (the Baltic Ice Lake), then  
in the stage of formation. The low est and most distant trace of the  
run-off of the ice-marginal stream way waters at the le v e l  of this ter 
race appears in the Randow v a lley  near Blumberg, at 13 m. a. s. 1. 
This was the period of maximum run-off of fluvial waters (no longer  
meltwater) along the N oteć— Warta ice-marginal stream w ay and, sub
sequently, along the Lower Odra valley . At the lev e l  of the ice-mar
ginal-stream w ay transition terrace, along the v a lleys  of the Odra and 
the Randow, flowed all the Odra waters, since now  a run-off by w a y  
of the Eberswalde Gate w as out of question, as w ell as the joint waters 
of Vistula and Warta and their tributaries, arriving both from moun- 
taineous areas in the south and from recently formed outwash plains 
in the north.

PHASE OF UPPER TERRACE.

THE BEGINNING OF THE BIFURCATION OF THE VISTULA

Sim ultaneously with the shrinking of the Vistula lobe and the for
mation of the Baltic Ice Lake in the bay which at that tim e reached as 
far as Tczew and Malbork, conditions developed for a direct run-off 
northwards of the Vistula waters. The history of this d iversion is still 
unknown. One of the oldest attempts at explaining the origin of the di
version  of the Vistula is P. S o n n t a g's concept of su ccessive  ice- 
dammed lakes (69). In any case, w e  must assume several phases of de
velopm ent in the area of the present-day Lower Vistula valley . At the 
time when the waters flow ed at the lev e l of the outwash-ice-marginal- 
stream way terrace, it was, in all probability, this v a lley  by w hich  the 
outwash waters of the W da flowed southwards towards the ice-marginal
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streamway. A  run-off of similar direction probably also existed at the  
leve l of the ice-marginal stream way transition terrace. During that 
period, however, m orphological processes w ere  proceeding w hich  pre
pared the northward diversion of part of the Vistula waters. These  
processes comprised, first of all, the lowering of the watershed betw een  
the area of the Gdańsk ice-dammed basin and the Toruń Basin. 
It seem s possible too that the passage of Vistula waters north
wards m ay have been facilitated by the melting of blocks of dead ice  
along the line of the present-day Lower Vistula valley . The new  passage  
w as probably used initially by catastrophic floods only, and later on by  
normal flood waters of the Vistula. It is a fact that, at the leve l of the  
upper terrace which, at first, was considered by K e i l h a c k  and other 
geologists to be the bottom of the (Toruń) dammed lake, part of the 
Vistula waters made their w ay  to the north, in all probability to an 
ice-dammed lake in the present-day mouth area of the Vistula, w hile  
another part of these waters flowed westwards along the N oteć—W arta  

ice-marginal streamway. In the light of the author's research (17) this 
fact is documented by upper terrace fragments both in the Toruń Basin 
w est of Bydgoszcz, and in the Lower Vistula v a lle y  in the neighbour
hood of Grudziądz.

The w estern arm of the bifurcating Vistula still continued to use  
the existing N oteć—Warta ice-marginal streamway, w hile  the waters  
of the Vistula and of its tributaries, responding to changes in the Baltic 
base-leve l of erosion, cut into the ice-marginal streamway transition  
terrace. After joining the waters of the Warta, the ice-marginal stream
w a y  waters flowed into the Odra v a lley  and, together with the latter 
river, made their w a y  to the north. Part of the joint w aters continued  
their w ay  along the Randow v a lley  to the northwest, but another part 
of them flowed northwards, in the direction of the Pomeranian Bay  
(Zatoka Pomorska), then in the stage of formation. This was already  
the second bifurcation run-off within one and the same river system .  
Its proof are terrace remnants observed in both va lleys  in the zone of 
bifurcation of the Odra and Randow valleys, at a lev e l  of 10 to 
13 m. a. s. 1.

PHASE OF UPPER MIDDLE TERRACE.
TOTAL NORTHWARD DIVERSION OF BOTH VISTULA AND ODRA

The developm ent of the Vistula v a lley  was one phase later with  
regard to the developm ent of the Odra valley , ow ing to earlier degla 
ciation in the west. The total run-off of the Odra waters towards the  
open Pomeranian Bay went forth as early as at the lev e l of the 7— 9 m. 
terrace in the ice-marginal streamway. It may very  well be that p recise ly

http://rcin.org.pl



8 0 Rajmund Galon

this drawing nearer to the base-level of erosion has been the cause  
of the river waters cutting down to the leve l of this terrace. This period  
must have been short, since this terrace does not extend as far as the  
Toruń Basin (see profile of terraces, Fig. 11). The bifurcation of the  
Vistula waters still continued at the lev e l  of the 5-metre terrace of 
the ice-marginal streamway, which had its continuation —  sim ilarly  
to the proceding terrace —  exc lus ive ly  in the Lower Odra valley , also  
down-stream the erntry of the Randow valley. It w as only after the lo 
w est ice-marginal stream way level, i. e. the present-day floor of the ice-  
marginal streamway, filled with silts and peat, had been reached that 
the waters of th e  Vistula definitely diverted their course, henceforth to 
flow northwards along the Lower Vistula valley . This event w as  
brought by the lowering of the base-level of erosion following the for
mation of a run-off to the then Baltic Ice Lake, probably through the  
Łeba ice-marginal streamway. The waters of the Vistula cut into the  
former v a lley  bottom, here called the upper middle terrace, down  
to the leve l of the later lower middle terrace. The Brda follow ed the  
exam ple of the Vistula, cutting into the upper middle terrace in the 
ice-marginal stream way with its opposite gradient, w hile the Noteć, 
flowing further west, continued to use the ice-marginal streamway. 
H owever, it is also conceivable that the N oteć initially proceded north
wards across the present-day dune area towards the Vistula.

So far, there lacks confirmation of the thesis of a tectonic uplifting  
of the watershed between the Brda and the Noteć, supposed to be the 
principal cause of the northward diversion of the Vistula; among others,
A. Z i e r h o f f e r  put forth this hypothesis. I admit that near Bydgoszcz  
the Pliocene surface, as described above, clearly shows an elevation,  
how ever this form has been covered (levelled) by  Pleistocene deposits  
and does not show  on the present-day surface of the terrain. At any  
rate, the terraces which are older than the professed uplift, do not show  
any clearly  marked deformities in their profile (see Fig. 11),while  
the elevation  in the bottom of the ice-marginal streamway in the neigh 
bourhood of the watershed west of Bydgoszcz is built of peat deposits, 
ending above the Brda va lley  by a sharp boundary (see profile, Fig. 11). 
Unquestionably, however, this problem still remains open and requires 
further, more detailed investigation.

TRANSFORMATION OF NOTEC—WARTA ICE-MARGINAL STREAMWAY 
AFTER NORTHWARD DIVERSION OF VISTULA RIVER

In the light of examinations of peat deposits in the N oteć ice-mar
ginal stream way A. W  o d z i c z k o (76) w as the first to attempt the
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reconstruction of the process of the transformation of this v a lley  by  
erosion and accumulation processes, from the moment of the decline  

of this streamway, i. e. of the northward diversion of the waters of the 
Vistula. In his opinion, the bottom of the ice-marginal stream way is 
composed of extensive  basins, filled with gyttja and peat bogs. On the 
basis of a pollen analysis, A. W odziczko believes the oldest of these  
basins to be of ipre-Boreal age. The above-m entioned deposits are ch a 
racteristic for sedimentation in stagnant water which on ly  loca lly  w ere  
disturbed by flowing water. In her paper discussed above, St. G a d o m 
ska (12) reports to have  found, on the bottom of the ice-marginal 
stream way at the foot of Dębowa Góra, c layey  silts 1.5 to 7 m., thick  
containing a m acological fauna. Higher up lie peats 3.6 to 4.6 m. thick  
with a substratum of gyttja. The above-m entioned contribution by  
T. C h u r  s k i  (10) on the morphology of the bottom of the N oteć  
ice-marginal stream way betw een Bydgoszcz and Santok (the entry of 
the Noteć into the Warta) confirms A. W odziczko's v iew  as to the ex i 
stence of basins on the bottom of ice-marginal streamway *, under
ly ing  the organogenic deposits.

A  similar geological profile of the bottom of the Warta ice-marginal 
stream way in the neighbourhood of Gorzów has been supplied by L. P i- 
1 a r c z y  k (62). In v iew  of the above facts it must therefore be assumed  
that, after the change in direction of the run-off of the Vistula and the  
simultaneous suspension of the bottom of the N oteć ice-marginal stream
w ay  with regard to the Brda v a lley  and probably also to the W arta  
ice-marginal streamway, i. e. the western part of the N oteć— Warta ice- 
-marginal stream way (between Santok and Kostrzyn), the bottom of the 
ice-marginal stream w ay was gradually filled with deposits laid dow n by 
sluggish rivers, especia lly  the Noteć, or with deposits of basins of sta
gnant water.

According to studies made by T. P r z y b y l s k i * * ,  in this region peat 

started to be formed in the Younger Dryas. At the same time, minor 
rivers and their tributaries piled up alluvial cones of various size on the 
floor of the ice-marginal streamway. In this manner the bottom of the 
ice-marginal stream way obtained its morphological and geological di
versity. Depressions w ere filled in, at first with gyttja and, later on, with  
peat formations developing as the result of inundations by the Vistula, 
when part of the flood waters continued to over-flow westwards along  
their previous bed. W ith the gradual increase of humidity of the climate 
during the H olocene the ground water table began to rise. The thickne s

* See description on page  64.
** Oral information.

6 — Prace geogr aficzne
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of the peat cover started growing. O nly the alluvial cones of major 
rivers entering the ice-marginal stream w ay (Noteć, Gwda, Drawa, 
Warta) rise, in the form of swells, from under the peat cover which  
also penetrated to small lateral v a lley s  entering the ice-marginal 
stream way (e. g. the Sleska valley).

Parallel with geological and morphological processes proceeding on 
the floor of the ice-marginal streamway, there also took place relief- 
forming processes on its s lopes and terraces. Since long attention was  
centered on the erosive  incising of the slopes of the ice-marginal 
stream way and of va lleys  in general on the postglacial Polish Lowland  
(among others, also in the Lower Vistula valley); some authors inter
pret this slope dissection as morphological features of successive cli
matic phases (e. g., W. O k  o ł o w i c z ) .  The small lateral v a lley s  issue  
into different v a lley  terraces. This fact enables us to estimate their mor
phological age.

M any of these v a lley s  originated under conditions of a periglacial 
climate, as indicated also by the soliflual covers on slopes and older 
terraces, as w e ll  as by aeologlyptoliths (ventifacts). H. L e  m b k e (43) 
describes the periglacial v a lleys  incised in the slopes of the Kostrzyn  
Basin. Z. and Z. C h u r s k i  (9) characterize the asymmetrical va lley  of 
the Sleska (east of Nakło) as a periglacial valley. M any old, shallow  
valleys, filled with denudation material, dissect the slopes of the ice- 
marginal v a lley  in numerous places, particularly w here the slope  
recedes, e. g .( east of Santok, or where at the foot of ice-marginal 
stream way slopes, terraces appear into which these small va lleys  pass 
(e. g. north of Bydgoszcz or in the neighbourhood of O sinów  on the 
right bank of the Lower Odra). On the other hand, along recently  
undercut ice-marginal stream way slopes we observe old shallow  valleys  
hanging high above the ice-marginal streamway bottom. A s demonstra
ted by  T. Churski (10) alluvial cones corresponding to these forms, 
em erge in the N oteć ice-marginal streamway form under a covering  
of peat. W e also meet them on upper ice-marginal stream way ter
races.

H. L e m b k e  (44) describes alluvial cones in the Gorzów Basin, 
extending on  the Odra flood plain and connected with dried plateau  
gullies. The same author has determined the existence of two inter
bedded alluvial cones of up to 5 m. height, as well as of river beds 
corxesiponcting with changes In the base-level of erosion within the 
Kostrzyn Basin. I consider these latter cones to be younger than the 
alluvial cones descibed abowe w hich underlie the peats in the Noteć  
ice-marginal streamway. A s to their age they are separated by the 
period necessary  for filling the. Warta ice-marginal streamway, or the
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Odra valley , with alluvia, an occurrence which successive ly  proceded  
after the free run-off to the Pomeranian Bay had begun*.

There can be no doubt that several generations of va lleys, mostly  
incised, m ay be distinguished on the slopes of the ice-marginal valley. 
The oldest v a lley  system  w as formed in periglacial conditions pre
vailing at the time of the last stages of the last glaciation. Correlated  
with these  small v a lley s  are, principally, the alluvial cones covered  
by peats on the bottom of the Noteć ice-marginal streamway, as w ell  
as on the terraces of the ice-marginal streamway. During the same p e 
riod there also took p lace aeolian processes indicated by dune sands and 
by dunes buried in the peats. The formation of the peat cover, which  
presumably proceeded by stages, w as interrupted by down wash and  
erosive  processes along the sides of the ice-marginal streamway. On the  
slopes of the ice-marginal streamway there developed new  erosive gullies  
incised in the hitherto existing w ide lateral va lleys . These new  incisions  
in turn produced minor alluvial cones, which in numerous places  
appear on the peat cover, joining into a more or less continuous collu- 
vial led ge  at the foot of the slopes of the ice-marginal stream way **.

Alternating with erosive processes on the slopes of the ice-mar
ginal streamway, aeolian processes took place on the sandy terraces  
of the ice-marginal streamway; they caused, in at least two phases, the 
formation of numerous dune areas, described by W. M r ó z e k  (54), 
L. P i l a r c z y k  (61), and others; these dune areas are particularly  
concentrated in the Toruń Basin and in the interfluvial area between  
N oteć and Warta.

Up to the postglacial climatic optimum there proceeded the melting  
of dead ice blocks, collected in large quantities in moraine deposits 
within the area of the ice-marginal streamway, this being the near back- 
land of the marginal forms of the Poznań stage and of the Noteć end  
moraines. The incision of ice-marginal streamway waters into moraine 
deposits accelerated m elting of the ice. Due to this, the ice-marginal 
stream way terraces show, besides the richness of aeolian forms, also  
a marked diversity of their surfaces in the form of numerous depres
sions, m ostly filled with peat, and concentrated particularly in the

* The problem of the filling of the W a r ta  ice-marginal s tream w ay and of the 

O dra valley  w ith  young  fluvial sediments being a specific problem in itself, requires 
special examination.

** The problem of the developm ent of the small la teral va lleys which cut into 
the slopes of the N oteć ice-marginal s tream w ay is the subject of special investiga 
tions conducted  by  Z. C h u r s k a on  behalf of the Chair of Physical G eography of 
the Nicholas Kopernik University, Toruń. A num ber of M aster 's  theses have also 
been w rit ten  on the above topic.

>
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Warta ice-marginal streamway, as w ell as in the form of subglacial 
channel lakes described, among others, by J. B a j e r l e i n  (3). The 
present-day river activ ity  in the N oteć— Warta ice-marginal streamway, 
out of proportion with the great development rhythm of the ice-mar
ginal streamway which now has com e to an end, are negligible. Both 
the Noteć and the Warta, meandering over the exten sive  floor of the  
ice-marginal streamway, cause m erely  insignificant erosive  or accum u
lative processes in their tributaries, from which they recede or which  
they approach, e. g. in the Łobżonka valley .

ON LATE-GLACIAL AN D  POST-GLACIAL DEVELOPMENT STAGES 
OF VALLEY SYSTEM ON POLISH LOWLAND

The problem of the developm ent of the va lley  network in the course  
of the recession, towards the end of the last glaciation, of the inland ice 
from the Baltic regions situated betw een the Odra and the Niem en has 
a rich literature of its own. K. K e i l h a c k  (28, 29) w as one of the first 
to show the relation betw een the inland ice and the proglacial v a lley  
network. He described the Toruń— Eberswalde ice-marginal streamway  
correlating it with the Pomeranian stage of the last glaciation. He also  
distinguished the Pomeranian ice-marginal streamway, formed at the 
time of the subsequent recession  phases of the inland ice. Subsequent, 
and particularly the most recent years brought a considerable number 
of important and fundamental contributions which enable us to add 
a number of n ew  topics to the problem of the developm ent of va lleys  
on the glacial lowland to env isage these va lleys  in a fuller light, and 
to determine their geologica l age. A  particularly important part, in 
this/ respect is p layed  by the present synthetic contribution on the 
Noteć—Warta ice-marginal stream way and on its connection both with  
out wash run-off and with river va lleys  extending from the south (sse  
preceding chapter of present contribution). The ice-marginal streamway, 
being the central part of the late-glacial va lley  system, represents the 
k ey to the explanation of the origin of this v a lley  network.

In the area under discussion, the developm ent of this v a lley  system  
beginning with the Pomeranian stage of the last glaciation, may be 
discussed in three phases, comprising a number of subphases. I am cal
ling these phases the proglacial phase, the transition phase, and the 
Baltic phase.

PROGLACIAL PHASE

The proglacial phase, simultaneous with the Pomeranian stage of the 
last glaciation, was distinguished by the decisive influence upon 
the developm ent of v a lley  forms, exerted by meltwater streams
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a

c
Fig. 9. Development of va lley  netw ork  in N orthern  Poland

a proglacial  phase;  b — transition phase,  initial sub-phase; c — transition phase,  f inal sub-phase.  

Divergent  arrows mark p lace s  of bifurcation
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from the inland ice. At the beginning of this phase, w hen the Odra ice  
lobe reached its farest extent, in the neighbourhood of the Kostrzyn  
Basin outwash waters overflowed, as demonstrated by H. L i e d t k e, 
either southwards through various tracks into the W arsaw — Berlin ice-  
marginal stream way, ofr (somewhat later) westwards through the  
ice-marginal stream way narrow near Eberswalde („Eberswalder Pforte’'). 
During this sub-phase there w ere formed, east of the Odra ice lobe in 
the foreland of the inland ice, gigantic outwash plains, w hile  meltwater  
streams made their w a y  southwards, in the direction of the future 
ice-marginal streamway. So far w e  have no evidence that during that 
period there existed any kind of ice-marginal streamway which would  
collect meltwater and pass it on to river waters flowing from the south. 
The first segm ent of the ice-marginal stream way connected  with the P o 
meranian stage w as formed —  in agreement with the opinion of
H. L i e d t k e  —  on the foreland of the Odra ice lobe, but the eastward  
extent is unknown. In the meantime, fluvial waters continued to flow  
westwards along the W arsaw — Berlin ice-marginal streamway.

During the next sub-phase (Fig. 9a), simultaneously with the period  
of the shrinking of the Odra ice lobe at a faster rate than of the eastern  
part of the inland ice, there w ere formed numerous outwash va lleys  
(„s" in Fig. 9a); by these v a lley s  the meltwater streams, after building  
extensive  outwash cones, made their w ay southwards, entering the  
great ice-marginal stream way course which ran peripherally to the edge  
of the inland ice. During the decline of the Pomeranian stage, this 
ice-marginal stream way collected, on the one hand, the prevailing part 
of meltwater streams from the inland ice and, on the other, of the  
waters, of the Carpathians and Sudetian rivers. It therefore constituted  
the central part of the then v a lley  network (see Fig. 9a).

The eastern part of this mighty v a lley  course, in older contributions  
called the W ilno— W arsaw  ice-marginal streamway*, m ostly  collected  
meltwater issuing from the inland ice east of the Vistula ice lobe. From 
the south, they w ere joined by waters from the upper sections of the 
Niemen, the Narew, the Bug and the Vistula. On the other hand, the 
w estern part of this ice-marginal streamway course, called  the Toruń —  
Eberswalde ice^marginal streamway, a term on ly  partly justified **, 
or the N oteć—Warta ice-marginal streamway, mostly collected the 
meltwater from the inland ice betw een the Vistula ice lobe and the 
shrinking Odra ice lobe. From the south, the Odra entered this ice-mar
ginal stream way after having shaped a gap va lley  through the marginal

* Recently J. K o n d r a c k i  (34) resumed this term.
+* See my comment on this subjec t on page 75.
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forms of the Poznań stage and abandoned the lower part of the W ar
saw— Berlin ice-marginal streamway. On the other hand, the middle 
course of the Warta still joined the Odra through the above ice-mar
ginal stream way, w hile the Warta received a tributary flowing from 
the north through the later gap section of the Warta v a lley  in the 

vicin ity  of Poznań*.
This major part of the combined waters of the Vistula and the Odra, 

co llected  in  the Kostrzyn Basin, ran off by the Lower Odra v a lley  and, 
subsequently, by the Randow valley, escaping, by w ay  of the M eckle- 
burg ice-marginal streamways, into the Baltic Ice Lake, then at the 
stage of formation of the Mecklenburg coast and the Danish Islands. 
This w as the reason w hy H. L i e  d t k e  introduced the term N oteć—  

Randow ice-marginal stream way for this ice-marginal stream way course. 
The remaining part of the ice-marginal stream way waters continued  
(occassionally) to use the ice-marginal streamway gap near Eberswalde, 
inconvenient though it was owing to its narrow floor. Consequently, 
there ex isted  here a bifurcation of ice-marginal stream w ay waters, 
principally maintained by high floodwaters. The above description  
show s that deglaciation proceeded unevenly, i. e. more rapid in the  
w est than in the east, presumably the effect of the more marime cli 
mate prevailing in the west.

The outlined reconstruction of the developm ent of the v a lley  net
work during the decline period of the Pomeranian stage has been baied  
principally on an analysis of the terraces of the N oteć—W arta ice-mar
ginal stream way in their connection with outwash tracks. I took into 
consideration contributions like: the investigations by H. G. O s t  (58, 
59) of the outw ashes of the Gwda and Drawa rivers, and their counter
part, the ice-marginal stream way terrace, the results of the field work  
of St. K o z a r s k i  and J. S z u p r y c z y ń s k i  (37) in the area of the 
N oteć ice-marginal stream way between Bydgoszcz and Piła, the studies 
of W. M r ó z e k  (54) in the Toruń Basin, and the research done by  
the author of the present contribution himself, who traced the outwash  
terrace of the Brda and its counterpart, the terrace in the N oteć—Warta  
ice-marginal streamway, the Lower Odra v a lley  and the Randow valley.  
A vailing  himself of the research conducted by H. L i e  d t k e  (48) also 
in the area of the Kostrzyn Basin, the present author reconstructed the 
system  of the outwash and ice-marginal streamway run-off of the period  
of the N oteć— Rędowa ice-marginal streamway, which stream way ex 
tended from the outwash terrace of the Brda and the Toruń Basin in 
the east to the fragments of the ice-marginal stream way terrace in the

* See contribu tion  by T. B a r t k o w s k i  (5).
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Randow v a lley  in the west (see Fig. 11). At those times, outwash w a
ters of the  W da river were probably flowing southwards along th's 
v a l le y  of the Lower Vistula into the Toruń Basin. For reconstructing  
the v a lley s  existing during this sub-phase, on the aera E & S of the pre
sent-day v a lley  of the Lower Vistula, greatly useful proved to be the 
investigations of St. L e n c e w i c z  (46), concerning the middle Vistula  
valley , o f J .  K o n d r a c k i  (32, 33, 34) dealing with the area of Ma
zury, of W. O k o ł o  w i c z  (57) on the developm ent of the Niem en  
valley , and o f L.  R o s z k ó w n a  (64) on the m orphology of the w e 
stern part of the Mazurian Lake District.

TRANSITION PHASE

A s demonstrated above, at the time of the maximum of the Pomera
nian stage, meltwater from the nearby Odra ice lobe ran off through 
various w ays into the W arsaw — Berlin ice-marginal streamway and, 
on ly  later on, westwards by w a y  of the ice-marginal streamway near 
Eberswalde. The westward run-off of the collected fluvioglacial and flu
vial waters along the N oteć— W arta ice-marginal streamway, and ’ater 
on, after receiving the waters of the Odra, northwards towards the 
shrinking inland ice (with a partial westward bifurcation flow through 
the Eberswalde gap in the ice-marginal stream way (see Fig. 9a) was 
already a symptom of the final phase of the Pomeranian stage. The 
run-off along the valleys  of the Odra and the Randow to the Baltic, then  
at the stage of formation, was at the same time the initial step towards 
the next phase in the developm ent of the v a lley  network, viz. to the 
transition phase. On the back of the end moraines of the Pomeranian  
stage, in the course of the gradual recession  of the inland ice a network  
of marginal va lleys, interconnected by ice-dammed basins, w as de 
veloped.

A long those v a lleys  there flow ed fluvioglacial waters, supplemented  
by the flow  of minor rivers forming on the northern slope of the ma n 
end m oraines of the Pomeranian stage. During a longer halt of the 
inland ice, probably sim ultaneous with the North-Rügen stage, the Po
meranian ice-marginal stream way w as formed, described by K. K e i 1- 
h a c k  (29), K. v. B ü l o w  (8) and m any other authors (see Fig. 9b).

South of the main end moraines of the Pomeranian stage, in condi
tions of a periglacial climate, rivers m eanwhile began to flow along the 
hitherto outwash valleys, draining exten sive  outwash cones. They were  
heading for the ice-marginal streamway, in which the waters of the 
entire river network of Poland's territory w ere collected, flowing ćt 
the leve l of the ^o-called ice-marginal stream way transition terrace
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which had cut to depth of aprox. 5 metres into the ice-marginal stream
w ay  terrace corresponding to the proglacial phase. This terrace appears 
not on ly  in the N oteć—Warta ice-marginal streamway. It w as also found  
in outw ash valleys and in the Lower Odra and Randow valleys , along  
which the waters ultim ately ran off towards the Baltic Sea. The same 
terrace has also been found to exist as highest v a lley  leve l at the entry  
of the Warta va lley  into the ice-marginal streamway. During that period  
there already existed  a gap va lley  of the Warta in the neighbourhood  
of Poznań, and the waters of the Warta joined the river waters flowing  
in the N oteć— Warta ice-marginal streamway. It was on ly  part of the 
Warta waters —  in accordance with the opinion of T. B a r t k o w s k i  
(5) —  that continued, by bifurcation, to run westwards along the W"ar- 
saw-Berlin ice-marginal streamway.

In he next sub-phase, at the leve l of the upper terrace, began the 
diversion of the Lower Vistula w hile the waters of the Odra ran nor h- 
wards to the ice-liberated area within the present-day Pomeranian Bay. 
But the transition phase still persists. This is w hy on ly  part of the w a 
ters of the Vistula make their w ay to the north while the remaining  
waters, due to bifurcation, flow westwards into the N oteć— Warta ice- 
marginal stream way (17). Similarly, part of the waters collected  in the 
Lower Odra v a lle y  flowed, by bifurcation, westwards along the Randow  
valley . But the greater part of the fluvial waters of the Odra, which  
then represented the main mass of fluvial waters on the Low]and a ter 
receiving the waters of the Pomeranian ice-marginal streamway, ran 
off by a va lley , submerged today, extending along Uznam (Usedom) 
and Rügen, to the Baltic which was then at the stage of formation.

W here did the waters of the Lower Vistula flow  to? At that time, 
the Bay of Gdańsk was undoubtedly still occupied by the ice lobe of 
the Vistula. On its forefield there was spread out a terminal depression, 
surrounded by a fringe of stadial moraines. According to the prevailing  

opinion of authors, this area was occupied by an extensive  glacial lake, 
the so-called Gdańsk ice-dammed lake, described mainly by P. S o n n 

t a g  (69). Recently, Z. J. K o t a ń s k i  (36) also dealt with this subject, 
pointing out the remnants of ice-dammed lakes in the neighbourhood of 
Żuławy Gdańskie (the Vistula Delta), at a height of 40 to 45 m. a. s. 1., 
on the other hand ascribing the origin of lower-situated abrasion terra

ces (17 to 20 m. a. s. 1.) on the margin of the moraine plateau to the 

Littorina Sea. H owever, in this author's opinion, the problem is still 
open to dispute and requires detailed investigations. At any rate, a con
siderable amount of both geological and morphological ev id en ces points 
to the ex istence of an ice-dammed lake at that time, a lake which in-
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creased  in size w hile  subsiding at the sam e time, as the inland ice was  
receding to  the area of the Baltic. W hether the ice-dam m ed lake disap* 
peared w hen the inland ice entirely left the land, or whether the ipre- 
sent-day Vistula Delta and the Gdansk Bay at o n ce  becam e a marine 
bay, remains a controversial question*.

During one of the su ccessive  phases of the halt of the inland ice, 
in the period of the Older Dry as (see Fig. c), there w as formed the Pre- 
goła (Pregel) ice-marginal streamway, described, among others, by

B. K ö r n k e  (41); its waters ran into the ice  lake situated in the area 
of the present-day Vistula Delta. The outflow from this lake was through 
the Łeba ice-marginal stream way and, further westwards, through one  
of the numerous marginal va lleys  a long the front of the inland ice. 
At that time, the extent of the inland ice must have been as differen
tiated, as before. In the Bay of Gdansk and the Pomeranian Bay the  
inland ice had probably a lobate extent; this is also suggested by the 
results of H. K l i  e w e ' s  research (31). It is so le ly  on both sides of the 
Bay of Gdańsk that, on the basis of marginal forms observed, w e are 

able to precisely  establish the extent of the inland ice during that parti
cular phase of deglaciation.

The great ice-inarginal streamway, situated south of the main end  
moraines of the Pomeranian stage, continues to be the most important 
part of the drainage system  of the Lowland. There continues to exist  
bifurcation of the waters of the Vistula which, in turn, flows at the 
leve l of the upper middle terrace. For, indeed, the oldest peat bogs in 
the N oteć ice-marginal stream way w est of Bydgoszcz w ere formed du
ring the Younger Dryas, thus in the period w hen the inland ice had  
already receded into the area of Scandinavia. On the other hand, as 
shown by the analyFis of the terraces in the Lower Odra valley , all the 
waters of the Odra ran off northwards by an ice-marginal streamway, 
at present submerged, along Uznam (Usedom) and Rügen towards the 
Baltic, rece iv in g  from the east waters of marginal rivers of the in 
land ice.

BALTIC PHASE

The full diversion of the waters of the Vistula towards the open Bay  
of Gdańsk (at the leve l of the lower middle terrace of the Lower Vistula  
va lley  —  Alleröd), as w ell  as the formation of a watershed in the ice-

* On the basis of an analysis of the underw ater  relief and  the geological struc
ture  of the V istula Delta, the author of the present paper favour the la tte r  a l te r 
native (2 1 ).
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marginal stream way near Bydgoszcz, and the entry of the Niem en river 
into the Baltic Ice Lake inaugurate the last phase in the developm ent  
of the Lowland v a lley  network, viz. the Baltic phase. Lessened is the 
importance of the Odra, deprived as it is of the inflow of waters from 
the Vistula through the ice-marginal streamway. During that period  
the mouth of the Odra, in contrast with the mouths of both the Vistula  
and the N iem en w as far removed from the present-day shore in the 
area of the Baltic. It was during the Baltic phase that the fundamental 
incongruity as to the direction of run-off of the rivers of the Polish  
Lowland w as finally perpetuated. On the one side surviving outwash  
valleys , directed to the south, on the other, the northward-directed gap 
v a lley s  of the Odra, the Vistula and the Niemen, as w ell as the va lleys  
of minor Baltic rivers which, in meandering courses, by the interme
diary of gap valleys, are headed towards the nearby sea. The rivers 
respond to postglacial oscillations of the leve l of the Baltic Sea by for
ming erosive  v a lley  terraces and by river bed aggradation. The N o 
teć— Warta ice-marginal streamway, the gradient of which was not 
suited for the present-day, mostly small, rivers flowing in it, obstructs 
the influence of the Baltic base-leve l of erosion and becomes a dead  
valley . M eanwhile, the proximity of this base-level of erosion to the  
tributaries of the Lower Vistula and Lower Odra causes an intensive  
developm ent of their valleys, as indicated by number of va lley  terraces, 
m ostly  erosive  ter iaces  such as, e. g., the nine terraces in the Brda 

valley .

Alter the present paper had been prepared there has appeared an 
interesting essay  by A. K o w a l s k a *  which, among other topics, deals  
with the interdependence of the sub-Pleistocene surface and the  
present-day relief of the territory of the Odra Basin. Generally speaking, 
this author's opinion as regards this interdependence agrees with my 
ow n opinion. Even so, I can not agree with this author as to her 
assum ing a full interdependence betw een the N oteć—Warta marginal 
stream way and the Pleistocene Substratum. On this topic, I have  
explained m y own view point on  p. 70 of this paper.

‘ K o w a l s k a  A. — Paleomorfologia powierzchni podple jstoceńskiej niżowej 
części dorzecza Odry, (Paleomorphology of the Lowland Part of the Odra Basin), 
P race Geograficzne Nr 21, Ins ty tu t  Geograficzny PAN, W arszaw a 1960.
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RAJMUND GALON

MORFOLOGIA PRADOLINY NOTECI—WARTY  
(LUB TORUŃfSKO-EBERSWALDZKIEJ)

S T R E S Z C Z E N I E  

GŁÓWNE PROBLEMY PRACY

Po dokonaniu krótkiego przeglądu prac dotyczących pradoliny N o 
teci— W arty i om ówieniu poglądów dotyczących genezy  tej rozległej  
formy * autor w ysu w a następujące problem y lub zadania:

a) dokładne prześledzenie i poznanie budow y teras plejstoceńskich  
1 holoceńskich w  pradolinie i dolinach do niej uchodzących oraz opis 
osadów  w ypełn iających  dno pradoliny w  celu  określenia kolejnych faz 
rozw ojow ych  całej pradoliny łącznie z obu skrajnymi węzłami dolin 
nymi, tj. kotlinami Toruńską i Kostrzyńską,

b) dalsze przestudiowanie zagadnienia jednoczesności odpływu pra- 
dolinnego w  powiązaniu ze stadium pomorskim,

c) określenie stosunku odwrotu W is ły  do odwrotu Odry,
d) dalsze studia nad rolą martwych lodów w  rozwoju pradoliny  

i form w  pradolinie,
e) zbadanie stosunku pradoliny do budow y geologicznej sąsiedniego  

obszaru,
f) ustalenie roli pradoliny N oteci—W arty w  przebiegu odwodnienia  

dolinnego w  czasie i po stadium pomorskim na obszarze całego Niżu,
g) sporządzenie dokładnego obrazu kartograficznego stosunków  

morfologicznych całej pradoliny, w  szczególności teras dolinnych (z od
powiednimi przekrojami i profilami podłużnymi).

Autor prowadził badania geologiczne i geom orfologiczne w  pradoli
nie od Bydgoszczy do Kostrzynia i miał okazję poznać ważniejsze od
słonięcia w  terasach dolnej Odry oraz w  dolinie R ędow y na terenie  
Niem ieckiej Republiki Demokratycznej. Badania dotyczy ły  głów nie  
teras dolinnych.

* Szczegółowe omówienie  l i te ra tu ry  dotyczącej genezy zachodniej części p ra d o 
liny  łącznie z Kotliną K ostrzyńską znajdzie czy te ln ik  w p racy  H. L i e d t k e g o  (48) 
a wschodniej części, w  szczególności Kotliny Toruńskiej, w  pracach  R. G a  1 o n a 

(13, 17, 18).

7 —  Prace  geo graf iczn e
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TERASY W  PRADOLINIE NOTECI—WARTY

W  pradolinie N oteci—W arty w ystępują dwa rodzaje poziomów tera- 
sow ych, m ianowicie terasy zw iązane z odpływ em  pradolinnym, tj. 
odpływem  połączonych w ód rzecznych i sandrowych, czyli terasy  
p l e j s t o c e ń s k i e ,  oraz terasy związane w yłącznie z odpływem  
rzecznym, czyli terasy h o l o c e ń s k i e .  Terasy te w ystępują także 
w  dolinach uchodzących do pradoliny, w  szczególności w  dolinie Brdy, 
dolinie Gwdy, dolinie Drawy i w  szeregu m niejszych dolin. W szystk ie  
terasy w  dolinach uchodzących do pradoliny nachylają się w  kierunku  
pradoliny, a w  pradolinie ku zachodowi. Jedynie na terenie obu skraj
nych kotlin, a zwłaszcza Kotliny Toruńskiej, nachylenie teras jest mniej 
wyraźne*. Ze w zględu  na genezę plejstoceńską om awianej wielkiej for
m y dolinnej i stosunjkowo m ały udział holoceńskich procesów  rzecznych  
w  dalszym (erozyjnym) przekształceniu pradoliny opis teras dotyczy  

najpierw w łaściw ych  teras pradolinnych, a następnie teras rzecznych.

Z badań autora, który nawiązał do w yników  badań innych autorów, 

wynika, że w pradolinie w ystępuje ponad dnem dolinnym pięć teras, 
jeżeli nie brać pod uw agę nielicznych lokalnych listew  terasowych
o charakterze przejściow ym  (ryc. 10 i 11):

I. górna terasa przejściowa (a)** czyli terasa 5-metrowa,
(średni spadek 1 : 5530),

II. górna terasa przejściowa (b) czy li terasa 7— 9-metrowa  
(średni spadek 1 :5140),

III. górna terasa czyli terasa 10— 12-metrowa 
(średni spadek 1 : 6000),

IV. terasa pradolinna przejściowa czyli terasa 15—22-metrowa  
(średni spadek 1 : 6360),

V. terasa pradolinna lub samdrowa o w ysokości w zględnej 18— 
25-metrowa (średni spadek 1 : 6420*** lub 1 : 7270****)

W szystkie w yżej wyróżnione terasy w pradolinie N oteci— W arty  
w ystępują już w  Kotlinie Toruńskiej. Jedynie górna terasa przejściowa  
(b) pojawia się dopiero w  Kotlinie Pilskiej. Terasa pradolinna przejścio-

* Częściowo naw et przeciwne (dolne te rasy  Brdy).

Autor zachował nazw y teras, stosow ane w jego dawniejszych p racach  (17, 18). 
Patrz  także tab. 1.

*** Na odcinku Bydgoszcz—Bagemühl (dolina Rędowy).

**** Na odcinka A leksandrów  K ujaw ski—Bagemühl (dolina Rędowy).
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wa znajduje swój dalszy ciąg w dolinie R ędow y (Randów), górna terasa  
pradoliny posiada charakter bifurkacyjny, a w ięc  przechodzi nie tylko  
w dolinę Rędowy, lecz zaznacza się także w  dolinie dolnej Odry. Po 
zostałe, n iższe terasy pradoliny w ystępują tylko w  dolinie dolnej Odry. 
Zatem w  rozwoju teras pradoliny można wyróżnić trzy fazy, m iano
wicie: 1) fazę pradoliny N oteci—W arty—Rędowy (H. L i e d t k e ) ,  2) fa
zę bifurkacyjną i 3) fazę pradolinno-odrzańską.

Odstęp p ionow y pom iędzy poszczególnym i terasami jest zadziwia
jąco podobny (przeciętnie 4— 5 m), co św iadczyłoby o regularności 
rytmu erozyjnego, w yw ołan ego  wahaniami podstawy erozyjnej. Jedynie  
w  początkowej części profilu podłużnego niektórych teras nachylenie  
ich wzrasta, a odstępy pomiędzy terasami ulegają odchyleniom. Poza 
tym średni spadek młodszych teras jest n ieco w iększy  od spadku star
szych teras, co zapew ne pozostaje w  związku ze skróceniem dolnego  
biegu rzeki —  po osiągnięciu  Zatoki Pomorskiej.

W szystkie terasy posiadają charakter e r o z y j n y  lub e r o z y  j- 
n o - a  k u m u l a c y j n y .  Jako dowód służyć może 1— 2-metrowa 
warstwa osadów  rzecznych na utworach m orenowych i międzymore- 
nowych. Zgodnie ze zmienną budową geologiczną plejstocenu, na po
szczególnych terasach dolinnych odsłaniają się na przemian g liny m o
renowe, warstwowane piaski i żwiry fluwioglacjalne oraz iły  warwowe,  
przy czym najczęściej g liny m orenowe pojawiają się na w yższych  te 
rasach, natomiast utwory m iędzym orenowe na niższych terasach (por. 
m. in. profil teras nad dolną Gwdą —  rye. 1). W  licznych wypadkach  

na powierzchni teras, w związku z ich charakterem erozyjnym, zacho
wało się ty lko rezyduum m orenow e w  postaci bruku głazow ego różnej 
wielkości, a piaski rzeczne leżą prawie bezpośrednio na piaskach flu- 
wioglacjalnych (ryc. 5). N a terasach o powierzchni piaszczystej rozwi
nęły s ię  w ydm y, tworząc gdzieniegdzie zwarte pola wydm owe.

O sady terasy pradolinnej (sandrowej) wykazują charakterystyczny  
dla osadów  wód płynących  p ow olny lecz stały wzrost obtoczenia ziar
na (ryc. 7), niezaburzony w łączeniem  się po drodze szlaków Gwdy  
i Drawy, co zapew ne w ynika z równoczesności istnienia i podobnej 
długości i spadku ow ych  ciągów  sandrowych. Natomiast obtoczenie  
ziarn osadów  następnych teras w ykazuje bardzo w yraźne zaburzenia 
swej linii rozw ojow ej z b iegiem  rzeki tam, gdzie do osadów  pradoliny  
dołączają się  osady G w dy lub Drawy o odmiennych warunkach sed y 
mentacyjnych, w yw ołan ych  zapewne większym  spadkiem ow ych rzek. 
W  każdym razie w y k re sy  obtoczenia ziarn osadów  poszczególnych  
teras potwierdzają obraz c iągów  terasow ych w yróżnionych w  św ietle  
kryteriów morfologicznych.
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TERASY W  DOLINACH BOCZNYCH

W yżej opisane terasy pradoliny N oteci— W arty wraz z ich dalszym  
ciągiem  w  dolinie dolnej Odry i dolinie R ędowy posiadają sw oje odpo
wiedniki w  dolinach uchodzących do pradoliny. Zbadano odcinki ujścio 
w e  doliny  Drwęcy, sandru i doliny Brdy, doliny Łobżonki, sandru i do
l in y  Gwdy, sandru i doliny Drawy, terasy doliny W arty powyżej  
ujścia  N oteci i szereg m niejszych dolin. Tabela 1 ilustruje relacje 

zachodzące pomiędzy terasami pradoliny N oteci—Warty, doliny i san
dru Brdy oraz doliny dolnej W isły.

Przegląd teras w  dolinach pow iązanych z pradoliną N oteci—W arty  

potwierdził wyżej w ykonany podział teras w  pradolinie na pięć pozio
m ów  terasow ych w ystępujących w iększym i lub m niejszymi fragmentami 
na całej długości pradoliny (bez uw zględnienia lokalnych powierzchni 
sandrowych, urywających się ścianą erozyjną nad pradoliną, oraz bez 
uw zględnienia 1— 2-metrowej terasy zalewowej).

T a b e l a  1

Zestawienie teras w  pradolinie N oteci— Warty, w  dolinie Brdy 
i w dolinie dolnej W isły  (w układzie morfologicznym)

T erasy  w pradolinie 
Noteci—W arty

T erasy  w  dolinie Brdy 
(18)

Terasy w dolinie 
dolnej W isły  (17)

V. pradolinna XI. sandrowa

IV. p radolinna  przejściowa X. przejściowa

III. górna IX. górna Vc. górna (stopień c)

II. górna przejściowa (b) VIII. przejściowa Vb. górna (stopień b)

I. górna przejściowa (a) VII. przejściowa Va. górna (stopień a)

dno pradoliny  (terasa 
zalewowa) VI. ś rodkow a wyższa IV. środkowa wyższa

A g rad ac ja  dna pradoli

ny  przez zamulenie 

i zatorfienie

V. ś rodkow a niższa III. środkowa niższa

IV. dolna II. dolna

III. nadzalewow a
I3 . nadzalewowa 

(III stopień)

II. nadzalewow a
I2. nadzalewowa 

(II stopień)

I. nadzalewow a
Ij. nadzalewowa 

(I stopień)
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DNO PRADOLINY

Z kolei autor analizuje dno pradoliny, które po utracie wód rzecz
nych uległo  zamuleniu i zatorfieniu. Z badań T. C h u r s k i e g o  (10) 
wynika, iż dno pradoliny pod utworami organogenicznymi jest bardzo 
urozmaicone. Zagłębienia w ypełnione obecnie torfem przekraczają n ie 
raz 10 m. Poza tym  występują tam w ały  akum ulacyjne usypane przez 
rzeki wpadające do pradoliny (Noteć, Gwda).

Poniżej zatorfionego dna pradoliny w ystępują kopalne doliny i za 
głębienia, w ypełn ione utworami zastoiskowymi. Z tego wynika, iż dno 
pradoliny posiada predyspozycję morfologiczną, pochodzącą być może  
z ostatniego interglacjału.

BUDOWA GEOLOGICZNA STREFY DOLINNEJ

Pradolina jest wcięta w  w ysoczyznę morenową na 20— 40 m, w g łę 
biając się  również w  utwory plioceńskie i mioceńskie. Lecz przebieg  
pradoliny W arty— Noteci z wyjątkiem  Kotliny Kostrzyńskiej nie zdra
dza zasadniczej zależności od konfiguracji podłoża czwartorzędu, któ
rego os ie  orograficzne raczej krzyżują się z pradoliną. Stąd ow a zm ien
ność w pojaw ianiu  s ię  utworów trzeciorzędu w  obrębie pradoliny. Tego  
rodzaju przecięcie e lew acji podłoża czwartorzędu przez pradolinę obser
w ujem y wzdłuż pradolinnego odcinka doliny Brdy, gdzie iły  poznańskie  
osiągają 66 m n. p. m., zbliżając się do powierzchni górnej terasy  pra
doliny (około 70 m. n. p. m.). Następne w cięcie  pradoliny w  utw ory  
trzeciorzędowe w ystępuje wzdłuż Dębowej Góry oraz następnych  
w zniesień morenowych, położonych nad północnym skrajem pradoliny  
pomiędzy Łobżonką i Gwdą, a po stronie południowej pradoliny w  oko
licy  Chodzieży. Elewacje te wiążą się jednak z procesami glacitekto- 
nicznymi na linii wału kujawsko-pomorskiego i niektóre z tych w ysok o  
położonych utw orów  trzeciorzędowych tworzą rozległe porwaki pode
słane osadami plejstoceńskim i (39, 73). Następna elew acja  podłoża  
czwartorzędu, przecięta przez pradolinę, przypada na okolice w ielk iego  
półw yspu terasow ego, a zwłaszcza Kotliny Gorzowskiej'. Najlepiej są od 
słonięte plioceńskie i ły  poznańskie i m ioceńskie piaski kw arcow e na 

niższych terasach doliny Warty.
Równocześnie jednak można w ysunąć tezę o predyspozycji dzisiej

szej pradoliny N oteci— W arty, wyrażonej w  postaci ciągu zagłębień  
powierzchni plejstocenu po przedostatnim zlodowaceniu (glacitekto- 
nika?), w ypełn ionych  utworami zastoiskowym i (rye. 1). O sady ostat
niego zlodowacenia n ie w yrów nały  ow ego ciągu zagłębień, toteż stał s ię  
on m iejscem  skupienia się wód roztopowych i ich odpływ u ku za
chodowi.
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ETAPY ROZWOJU PRADOLINY

1. Analiza teras pradoliny i jej dna oraz ich powiązania z terasami 
sandrowymi i dolinami dolnej W is ły  i dolnej O dry pozwala odtworzyć  
etapy rozwoju pradoliny N oteci—W arty od czasów  stadium pomor
skiego ostatniego zlodowacenia do chwili obecnej. ,

Nadal jeszcze pozostajem y w  sferze dom ysłów, jeżeli idzie o okres 
poprzedzający stadium pomorskie, sięgający w stecz do momentu postoju  
lądolodu wzdłuż moren nadnoteckich. W  czasie tej fazy nadnoteckiej 

pow stały liczne formy marginalne lądolodu, zawdzięczające swą glaci- 
tektonikę ruchom oscylacyjnym  krawędzi lodow cow ej. Z tym i procesami 
wiąże się także powstanie depresji końcowej wraz z morenami spiętrzo
nymi w  okolicy  Chodzieży [39]. W zdłuż moren spiętrzonych istniały  
zagłębienia, które zaw dzięczały sw e istnienie bądź to procesom glaci- 
tektonicznym, bądź to niedostatecznemu w yrów naniu  basenów zastois- 
kow ych  przedostatniego zlodowacenia. Zagłębienia te zaczęły się w y 
pełniać osadami mułkowymi, które obecnie w ystępują bezpośrednio pod 
osadami organogenicznymi na powierzchni później zerodowanego dna 
pradoliny. W  czasie ow ych  oscylacji lodow cow ych  pow stały lokalne  
szlaki sandrowe o ogólnym  kierunku południkowym, sprzecznym z póź
niejszym  równoleżnikowym  przebiegiem pradoliny, a zbieżnym jedynie  
z południkowym odcinkiem pradoliny poniżej ujścia Gwdy.

2. Jak w ykazały  badania niemieckie na terenie Kotliny Kostrzyń- 
skiej i zw ężenia pradolinnego pod Eberswalde *, pradolina N oteci—  
W arty powstała prawdopodobnie w  czasie stadium pomorskiego, lecz 
ze w zględu na zróżnicowane oddalenie krawędzi lądolodu od obecnego  
szlaku pradolinnego, sięgającego co najmniej od Torunia do Eberswalde 
i jeszcze dalej na zachód, jej geneza jest złożona. Zachodni odcinek tej 
pradoliny znajdował się w  bliskim sąsiedztwie, a nawet kontakcie z m o
renami czołowym i stadium pomorskiego (tj. daleko na południe w y su 
niętego lobu Odry), natomiast wschodni odcinek pradoliny był zdała 
położony od krawędzi lądolodu przebiegającej przez Czaplinek, Botolice, 
Bytów, Kościerzynę, gdzie rozpoczynał się lob W isły . W  konsekwencji, 
gdy na zachodzie, w  regionie Kotliny Kostrzyńskiej, rozwijały się szlaki 
sandrowe, przyczyniające się  pow oli do powstania pradoliny, na w scho
dzie, na przedpolu gromadzących się form marginalnych stadium pomor
skiego tw orzyły  się p ierwsze stożki sandrowe, nie docierające do obec
nej pradoliny.

Lecz i w  zachodniej części pradoliny ew olucja jej w  św ietle  badań 
H. Liedtkego przebiegała w  kilku etapach. W  czasie trwania lobu Odry

’ W  szczególności badania  H. Liedtkego (48, 49).
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w ody roztopowe, jak wynika z przebiegu szlaków sandrowych zw iąza
nych z ow ym  okresem, przekraczały obecną Kotliną Kostrzyńską, od 
pływ ając różnymi drogami do Pradoliny W arszawsko-Berlińskiej, m ię
dzy innymi przez zw ężenie pradolinne pod Eberswalde. Z okresu tego  
pochodzi powierzchnia sandrowa, urywająca się na linii Stara Rudnica—  
— Siekierki— Gozdowice nad doliną Odry na w ysokości około  58 m. 
W  tym czasie istniał zapewne także odpływ sandrowy, uryw ający się  
obecnie na w ysokości 65 m, wzdłuż doliny Kłodawki nad pradoliną 

W arty (Gorzów).

N ie jestem przekonany o konieczności przyjęcia za badaczami n ie 
mieckimi w ypełnienia Kotliny Kostrzyńskiej rozległymi zwartymi ma
sami m artwego lodu (wg B e s c h o r e n a  nawet o grubości 50— 80 m) 
dla umożliwienia przepływu wód sandrowych z obecnego północnego  
skraju tej kotliny do skraju południowego i dalej do Pradoliny W ar
szawsko-Berlińskiej. Przede w szystkim  obecne zbocza Kotliny Kostrzyń
skiej zawdzięczają swój kształt, a kotlina swój zarys i głębokość, młod
szym procesom erozyjnym  Odry i W arty (mapa 10) *. Prawdopodobnie, 
zgodnie z wyżej podaną tezą o ciągłości basenów zastoiskow ych poprze
dzających ostatnie zlodow acenie i predyspozycji obecnej pradoliny wraz 
z charakterystycznymi dla niej kotlinami, w  miejscu obecnej Kotliny  
Kostrzyńskiej znajdowało się obniżenie powierzchni morenowej, przy  
czym w materiale m orenowym  m ogły być zagrzebane bryły  m artwego  
lo d u  Po wyrów naniu  zagłębienia przez sedym entację sandrową, w od y  
roztopowe rozpościerały się  bardziej na południe, dochodząc do Prado
liny W arszawsko-Berlińskiej, przy czym w cię ły  się one w  w ysoczyznę,  
tworząc obecne powierzchnie sandrowe dochodzące do skraju w y so 
czyzny na w ysokości 55— 65 m n. p. m.

3. Po w ycofaniu  s ię  lobu O dry do linii moren fazy Angermünde, 
znajdujących swój odpowiednik na wschód od Odry w  morenach oko
lic Chojny, nastąpiła nowa faza sandrowa. W  poprzednie powierzchnie  
sandrowe w c ię ły  się n ow e szlaki sandrowe, znajdujące się  obecn ie  na 
w ysokości 40— 50 m n. p. m. nad doliną M yśli oraz w  okolicy  W itnicy. 
Zbędne jest tu zatem przyjęcie poglądu H. Liedtkego, że powierz
chnia mas lodow ych  w kotlinie obniżyła się do takiego w łaśnie po
ziomu, który um ożliwił odpływ  w ód  sandrowych na pożądanej w y 
sokości.

W tej fazie nie tylko w od y  sandrowe przechodziły ze w schodu pra
doliną W arty (nie wiadom o o jakim zasięgu), i zgodnie z poglądem

* Na tym w łaśn ie  poilega słaba s trona szkiców A. Liedtkego (48) na  str. 38/39, 
podających ko le jne  fazy rozw oju  pradoliny, że nie uw zględniają  późniejszych 
erozyjnych rozszerzeń Kotliny Kostrzyńskiej.
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H. Liedtkego odpływ ały  po raz p ierw szy  zw ężeniem  pradolinnym pod  
Eberswalde na zachód. W tedy  powstała pradolina, obejmująca zapewne  
pradoliny: W arty  i Eberswaldzką. N ie  można jeszcze m ówić w  tym okre
sie o Pradolinie Toruńsko-Eberswaldzkiej, jak to czyni H. Liedtke, po 
nieważ w  tej fazie w schodni odcinek pradoliny —  pradolina N oteci  
wraz z Kotliną Toruńską jeszcze nie istniała.

4. W  tym czasie, przy trwającej maksymalnej (lub recesyjnej?) fazie 
stadium pomorskiego na wschód od zanikającego lobu Odry, szlaki 
sandrowe w  postaci dolin sandrowych dotarły wzdłuż obecnej W dy,  
Brdy, Gwdy i Drawy do ów czesnych płytkich zagłębień w  strefie m o
ren nadnoteckich i przeobraziły je w ciąg dolinny, zdradzający jeszcze  
obecnie przez sw e kotlinowate rozszerzenia i zwężenia dolinne (bramy) 
swe pochodzenie. Prawdopodobnie dopływ  wód doliną sandrową G wdy  
był silniejszy niż szlakami bardziej wschodnimi, poniew aż dolina sen- 
drowa Gwdy nadała kierunek niżej położonemu odcinkowi pradoliny, do 
którego dołącza się w yżej położona część pradoliny w  charakterze 
doliny bocznej. W tedy powstał jednolity  poziom sandrowo-pradolinny, 
wyżej opisany jako terasa pradolinna, do której nawiązują terasy Brdy, 
Gwdy i Drawy. Terasa ta znajduje się na w ysp ie  dolinnej Bralitz- 
N euenhagen w  Kotlinie Kostrzyńskiej na w ysokości 32 m, o 3 m n żej 
od dna Pradoliny Eberswaldzkiej, nie licząc późniejszego w cięcia rzeki 
W inaw y (Finów). Zatem odpływ  wód pradolinnych, przychodzących  
z pradoliny Noteci, nie odbyw ał się już przez zw ężenie  pradolinne pod  
Eberswalde na zachód, lecz —  jak w ynika z dalszego przebiegu tej te 
rasy —  na północ doliną dolnej Odry i Rędowy, gdzie prześledzono  
terasę pradolinną aż w  okolicy  Blumberg i Bagemühl na w ysokości  
18— 20 m n. p. m. Jest jednak prawdopodobne, że część wód, być może  
w czasie w yjątkow ych powodzi, przelewała się Pradoliną Eberswaldzką 

na zachód, o czym  św iadczy listw a terasowa u w ylotu  zwężenia prado- 
linnego na w ysokości 32 m n. p. m. Zatem istniała tu bifurkacja. W  tym  
czasie także w od y  Odry w łączały  się do wód pradolinnych, o czym  
świadczy listwa terasowa w  W riezen na w ysokości 36— 37 m n. p. m. 
H. Liedtke nazwał p ow yższy  ciąg pradolinny pradoliną N oteci—Rę
dowy.

W  czasie tej głównej fazy odpływ u pradolinnego, obejm ującego  
w ody sandrowe lobu W is ły  i m niejszych lobów  lodow cow ych, położo
nych: na zachód od lobu W isły , lob Odry był już w  stadium zaniku. 
W  każdym razie aktyw ny lód znajdował się dopiero w  okolicy  Szcze
cina, być może na linii tamtejszych moren spiętrzonych.

Połączone w ody W isły  i Odry odpływ ały  doliną Rędowy na północo- 
zachód a następnie, zapew ne za pośrednictwem pradoliny meklembur-
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skiej *, do tworzącego siię od zachodu bałtyckiego jeziora lodowego. 
Jeżeli bowiem w  czasie trwania stadium pomorskiego w  obrąbie lobu  
W isły  i sąsiadujących od zachodu drobniejszych lobów lodow cow ych  
lob Odry był już w  stadium zaniku, to proces deglacjacji był zapew ne  
jeszcze intensyw niejszy bardziej na zachodzie, tj. w  regionie w ysp  

duńskich.

Powierzchnię terasy sandrowej i terasy pradolinnej urozmaicają  
liczne formy wytopiskowe. Szczególnie w iele  form pow stałych przez  
w ytopien ie  się brył martwego lodu w ystępuje w  Kotlinie Gorzowskiej 

jako częśc i Kotliny Kostrzyńskiej.

W ed ług  poglądów niemieckich ( O s t ,  W o l d s t e d  t, L i e d t k e )  
terasa pradolinna powstała, podobnie jak i następne, w  Kotlinie Gorzow
skiej jako terasa marginalna, usypana przez w ody pradolinne pom iędzy  
zboczem w ysoczyzny  a pokrywą martwego lodu, zajmującą głębszą  

część pradoliny. Autorzy ci n iestety  nie tłumaczą pochodzenia zagłę
bienia dolinnego, które w  danym wypadku musiało istnieć przed tw o 
rzeniem się pokryw y lodowej. N ależy  sobie uprzytomnić, iż om awiany  
obszar pradoliny znajduje się na najbliższym zapleczu moren czołow ych  
stadium poznańskiego. Była to zatem strefa gromadzenia się brył mar
tw ego lodu, związana nadto z zagłębieniem powierzchni morenowej, 
w ystępującym  na linii w yżej opisanych m iędzym orenowych basenów  
zastoiskowych. Bryły martwego lodu b y ły  zagrzebane w  utworach mo
renowych. Jeżeli znajdowały się także bryły stagnującego lodu na po 
wierzchni morenowej, to u leg ły  one niewątpliwie stopnieniu już w  cza
sie początkowych, sandrowych faz pradoliny, przed w cięciem  się wód  
do poziomu terasy pradolinnej. Bryły martwego lodu, zagrzebane 
w utworach m orenowych lub fluwioglacjalnych, u leg ły  stopnieniu do
piero po w cięciu  się wód pradolinnych w  terasę pradolinną. W  przeciw 
nym bowiem  wypadku powstałe wskutek w ytopienia zagłębienia w y to 
piskowe u leg łyby zasypaniu przez akumulację rzeczną. Niektóre bryły  

w ytopiły  się dopiero po powstaniu następnych teras w  pradolinie, gdyż  
dane zagłębienia w ytopiskow e występują rów nocześnie na terenie kilku  
teras (mapa, ryc. 10).

Zatem w  św ietle  powyższej interpretacji roli m artwego lodu, terasa  
pradolinna jest normalną terasą dolinną (o charakterze erozyjnym), na 
co zresztą wskazuje regularny spadek powierzchni terasowej w  profilu  
podłużnym (por. profil teras ryc. 11). Zbyt koncepcyjne jest przyjęcie  

przez pow yższych autorów, zwłaszcza H. Liedtkego, fazow ego obniżania 

się powierzchni topniejącej pokryw y lodow ej w  pradolinie, co w  efekcie

* M ecklenburgisch-Pommersches Grenztal.
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miało um ożliwić p łyn ięcie  wód w  coraz niższym poziom ie i powstanie  
kolejnych teras marginalnych. Zresztą terasy w ystępują bez większych  
zaburzeń sw ego spadku dalej, w  dolinie dolnej Odry, reagując na w a 
hania poziomu podstaw y erozyjnej w  obszarze nadbałtyckim. Terasa 
pradolinna została erozyjnie uszczuplona w  sw ym  pierwotnym  zasięgu  
nie tylko przez w ody  pradolinne p łynące w  poziomie obecnych niższych  
teras, lecz także przez dzisiejszą W artę (np. w  okolicy  Słońska), nie  
mówiąc o całkowitej jej likwidacji, podobnie jak i młodszych teras, 
w  kotlinowatej, obecnie płaskiej dolinie Odry powyżej jej odcinka za- 
kolow ego  (w zachodniej części Kotliny Kostrzyńskiej).

5. Gdy lądolód również na wschód od zanikającego lobu Odry w y 
cofał się ostatecznie z linii moren czołow ych stadium pomorskiego, 
ustał dopływ  w ód sandrowych z północy. Na stożkach sandrowych roz
w in ęły  się rzeki, które w c ię ły  się w  poprzednio utworzone powierzchnie  
sandrowe, a po osiągnięciu  pradoliny —  także w  głów ną terasę pra- 
dolinną. Do wód zgromadzonych w  pradolinie N oteci— W arty  dołączyły  
się od południa w ody W arty, które dotąd p łynęły  Pradoliną W arszaw- 
sko-Berlińską na zachód. Połączone w ody pradoliny i Odry kierow ały  
się nadal doliną R ędow y na północo-zachód przez obszar Meklemburgii 
do tworzącego się Bałtyku (bałtyckiego jeziora lodow ego). Najniżej
i najdalej położony ślad odpływu wód pradolinnych w  poziom ie tej te 
rasy w ystępuje w  dolinie R ędow y w  pobliżu m iejscow ości Blumberg na 
w ysokości 13 m n. p. m. Był to okres m a k s y m a l n e g o  o d p ł y w u  
w ó d  r z e c z n y c h  (już nie roztopowych) p r a d o l i n ą  N o t e c i  —  
W a r t y ,  a następnie doliną dolnej Odry. W  poziomie terasy pradolin- 
nej przejściowej odpływ ały doliną dolnej Odry i doliną R ędow y nie  
tylko w szystkie w ody Odry, skoro odpływ  przez zw ężenie pradolinne 
pod Eberswalde już całkow icie nie wchodził w  rachubę, lecz także po
łączone w od y  W isły  i W arty  z ich dopływami, przychodzącymi zarówno 
z południa z obszarów górskich, jak i z północy z niedawno usypanych  
pól sandrowych.

6. Wraz z zanikaniem lobu W isły  i pojawieniem  się bałtyckiego  
jeziora lodow ego  w ówczesnej zatoce, sięgającej po Tczew i Malbork, 
w ytw orzy ły  się warunki dla powstania bezpośredniego odpływ u wód  
w iślanych na północ. Dzieje tego odwrotu są jeszcze nieznane. Jedną 
z najstarszych prób wyjaśnienia genezy  odwrotu W isły  jest koncepcja  
kolejnych zastoisk P. S o n n t a g a  (69). W  każdym razie musim y przy
jąć kilka faz rozw ojow ych na terenie obecnej doliny dolnej W isły. 
W  okresie płynięcia  wód w  poziomie terasy sandrowo-pradolinnej tędy  
zapew ne p ły n ę ły  w od y sandrowe W dy w kierunku południow ym  ku 
pradolinie. O dpływ  o podobnym kierunku istniał prawdopodobnie także
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w  poziom ie terasy pradolinnej przejściowej. W  tym jednak okresie  
m iały m iejsce procesy morfologiczne, które przygotowały odwrót części 
wód w iślanych  ku północy. P olegały  one przede w szystkim  na zm niej
szeniu działu wód pom iędzy gdańskim basenem zastoiskowym  a Kotliną 
Toruńską. N ie jest wykluczone, że to przechodzenie wód w iślanych  na 
północ zostało ułatwione przez wytapianie się brył martwego lodu na 
linii obecnej doliny dolnej W isły. Z nowej drogi korzystały zapew ne  
w  pierwszej faziie w od y  katastrofalne, później regularne w o d y  p ow o
dziow e W isły. Faktem jest, że w  poziomie górnej terasy, uważanej pier
w otn ie przez K e i  l h a c k a  i innych badaczy za dno zastoiska (toruń
skiego), czę^ć w ód w iślanych  kierowała się na północ zapew ne do 
zastoiska w  obepnej strefie ujściow ej W isły, a część w ód pradoliną N o 
teci— W arty na zachód. Fakt ten  jest udokum entowany —  w św ietle  
badań autora (17) —  w ystępow aniem  fragmentów górnej terasy zarówno  
w  Kotlinie Toruńskiej na zachód od Bydgoszczy, jak i w  dolinie W isły  
w okolicach  Grudziądza.

Zachodnie ramię bifurkującej W is ły  korzystało nadal z dotychcza
sowej pradoliny N oteci—W arty, przy czym w ody W isły  i jej dopły 
wów, reagując na wahania bałtyckiej podstaw y erozyjnej, w c ię ły  się  
w terasę pradolinną przejściową. Po połączeniu się z wodami W arty  
w ody pradolinne w pływ ały  do doliny Odry i wspólnie z nią k ierow ały  
się na północ. Część połączonych wód kierowała się — jak dotych
czas —  doliną R ędow y na północo-zachód, lecz część tych wód rów no
cześnie odpływała na północ w  kierunku tworzącej się Zatoki Pomor
skiej. Był to już drugi odpływ  bifurkacyjny w  obrębie tego sam ego  
system u rzecznego. Świadczą o nim szczątki terasowe w ystępujące  
w  rozwidleniu dolin Odry i R ędow y w  obu dolinach, w  poziom ie  

10— 13 m.

7. Rozwój doliny W isły  był o jedną fazę opóźniony w  stosunku do 
rozwoju doliny Odry, co było następstwem wcześniejszej deglacjacji  
na zachodzie. Całkow ity odpływ  wód odrzańskich ku otwartej Zatoce  
Pomorskiej nastąpił już w  poziom ie 7— 9-metrowej terasy pradoliny. 
Być może, że w łaśnie ow e zbliżenie bazy erozyjnej było przyczyną  
w cięcia  się wód rzecznych do poziomu tej terasy. N ie był to okres  
długi, gdyż terasa ta nie sięga do Kotliny Toruńskiej (profil teras 
ryc. 11). Bifurkacja wód w iślanych  trwała jeszcze w  poziom ie terasy  
5-metrowej pradoliny, stwierdzonej —  podobnie jak poprzednia terasa —  

w yłącznie w  dolinie dolnej Odry, także poniżej doliny Rędowy. Dopiero  

po osiągnięciu najniższego poziomu pradolinnego, tj. obecnego koryta  

pradoliny w ypełn ionego mułkami i torfami, nastąpiło ostatecznie prze
rzucenie się wód w iślanych doliną dolnej W is ły  na północ. Fakt ten po
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został w  związku z obniżeniem  się podstaw y erozyjnej po  w ytw orzeniu  
się odpływ u do ów czesnego bałtyckiego jeziora lodow ego prawdopodob
nie poprzez pradolinę Łeby. W ody w iślane w cię ły  się w  dotychczasow e  
dno dolinne, nazwane terasą w yższą środkową, do poziomu późniejszej 
terasy środkowej niższej. W  ślad za W isłą  poszła Brda, wcinając się  
w terasę wyższą środkową w  pradolinie, o przeciwnym  nachyleniu, 
natomiast bardziej na zachodzie płynąca N oteć nadal korzystała z pra
doliny. N ie  jest jednak wykluczone, że  pierwotnie Noteć płynęła po
przez obecny obszar w yd m ow y ku północy w  kierunku W isły.

Jak dotąd, nie sprawdziła się teza o wydźw ignięciu  obszaru w od o 
działow ego pomiędzy Brdą a Notecią jako głównej przyczynie odwrotu  
W isły  na północ. Co prawda powierzchnia pliocenu —  jak pisano —  
w ykazuje w  okolicy Bydgoszczy w yraźny garb, lecz forma ta została  
otulona (wyrównana) osadami plejstoceńskimi i n ie zaznacza się na 
obecnej powierzchni terenu. W  każdym razie terasy, starsze od ow ego  
rzekom ego dźwignięcia, n ie wykazują żadnego wyraźnego zniekształ
cenia sw ego  profilu (ryc. 11), a kulminacja dna pradolinnego w sąsiedz
tw ie działu wód na zachód od Bydgoszczy jest zbudowana z utworów  
torfowych, kończących się wyraźną granicą nad doliną Brdy. N ie 
w ątpliwie jednak zagadnienie to jest jeszcze otwarte i wym aga dal
szych, bardziej szczegółow ych badań.

8. W  św ietle  badań różnych autorów wypada przyjąć, iż po doko
naniu zm iany kierunku odpływu W isły, przy równoczesnym  zaw iesze
niu dna pradoliny Noteci w  stosunku do doliny Brdy, a zapewne także 
w  stosunku do pradoliny Warty, tj. zachodniej części pradoliny N o 
teci— W arty  (pomiędzy Santokiem a Kostrzynem), dno pradoliny w y 
pełniło się osadami bądź to leniw ie płynących rzek z N otecią na czele, 
bądź to zbiorników w od y stojącej. W edług badań T. P r z y b y l s k i  e- 
g o (ustna informacja) początek zatorfienia przypada na m łodszy dryas. 
R ów nocześnie mniejsze rzeki i potoki usypały  na dnie pradoliny stożki 
napływ ow e różnej wielkości. W  efekcie dno pradolinne uzyskało swą  
rozmaitość zarówno morfologiczną jak i geologiczną. Zagłębienia na
pełniały się wodą w  czasie powodzi W isły, gdy część wód przelewała  
się jeszcze dawnym szlakiem ku zachodowi. Z czasem w yp ełn iły  się one  
gytią i utworami torfowymi. W  miarę fazowego wzrostu wilgotności 
klimatu w holocenie podniósł się poziom w ód gruntowych. Miąższość 
p okryw y torfowej zaczęła wzrastać. Jedynie stożki napływ ow e w ięk 
szych rzek wpadających do pradoliny (Noteć, Gwda, Drawa, Warta) 
w yzierają w  postaci progów spod osłony torfowej, która w eszła  także 
w  dolinki boczne uchodzące do pradoliny (np. w  dolinę Sleski).

R ów nolegle do procesów  geologicznych i morfologicznych na dnie 
pradoliny odbyw ały się procesy rzeźbotwórcze na jej zboczach i tera
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sach. Od dawna zw rócono uw agę na erozyjne rozcięcie zboczy prado
liny, jak i dolin na niżu polodow cow ym  w  ogóle (m. in. w  dolin ie  dolnej 
W isły), przy czym  niektórzy badacze interpretują je jako w yraz mor
fologiczny kolejnych  faz klim atycznych (np. W. O k o ł o w i c z ) .  Boczne  
te dolinki w ychodzą na różne terasy dolinne, co umożliwia określenie  
ich w ieku  morfologicznego.

W ie le  z tych  dolin powstało w  warunkach klimatu peryglacjalnego,
o którym świadczą również p okryw y na zboczach i starszych terasach  
oraz graniaki eoliczne. H. L e m b k e (43) opisuje dolinki peryglacjalne,  
rozcinające zbocza K otliny Kostrzyńskiej. Z. i Z. C h u r s c y  (9) cha
rakteryzują asym etryczną dolinę Sleski (na wschód od Nakła) jako do
linę peryglacjalną. W ie le  starych, płytkich dolin, w ypełn ionych  mate
riałem denudacyjnym, rozcina zbocza pradoliny w  licznych miejscach, 
zw łaszcza tam gdzie zbocze jest cofnięte, np. na w schód od  Santoka, lub 
gdzie u stóp zboczy pradolinnych występują terasy, w  które dolinki te  
przechodzą (np. na północ od Bydgoszczy). Natomiast wzdłuż niedaw no  
podciętych zboczy pradoliny spotyka się stare płytkie dolinki, w ysoko  
zaw ieszone nad dnem pradoliny. Odpowiadające tym formom stożki na
p ły w o w e —  jak w ykaza ł T. C h u r s k i  (10) —  w ystępują w  pradolinie  
N oteci pod pokryw ą torfową. Są one także spotykane na w yższych  te 
rasach pradolinnych. H. Lembke (44) opisuje w  Kotlinie Gorzowskiej 
stożki napływ ow e rozpościerające się na aluwiach rzecznych i pow ią 
zane z obecnie suchym i dolinkami na w ysoczyźnie. Stwierdził on w y 
stępowanie dwóch w łożonych  w  siebie stożków n apływ ow ych  do 5 m 
w ysokości i koryt rzecznych, odpowiadających zmianom podstaw y ero
zyjnej w  kotlinie. Stożki te —  jak sądzę —  są zapew ne młodsze od  
w yżej opisanych stożków napływ ow ych  pod torfami w  pradolinie N o 
teci. Dzieli je okres w ypełn ien ia  pradoliny W arty lub doliny Odry  
aluwiami, co miało m iejsce już w  czasie  sw obodnego odpływ u w ód do 
Zatoki Pomorskiej *.

N iew ątpliw ie na zboczach pradoliny można wyróżnić kilka generacji  
dolin w łożonych  przeważnie w  siebie. Najstarsze zespoły  dolin pow sta ły  
w  warunkach peryglacjalnych, które istniały w  czasie ostatnich stadiów  
ostatniego zlodowacenia. Dolinkom tym odpowiadają przede w szyst
kim stożki n ap ływ ow e w ystępujące pod torfami na dnie pradoliny N o 
teci oraz na terasach pradoliny. W  tym  okresie odbyw ały  się także 
procesy  eoliczne, c  czym  świadczą piaski w ydm ow e i w yd m y otulone  
torfami. Tworzenie się pokryw y torfowej, co zapew ne odbyw ało się

* Zagadnienie w y p ełn ien ia  p rado liny  W a r ty  i doliny O dry  m łodymi osadami 

rzecznymi, jako  zagadnien ie  specjalne, w ym aga  osobnego rozpatrzenia.
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etapami, było przerywane procesami deluwialnymi i erozyjnym i na 
skrajach ptradoliiny. Na zboczach pradołiny pow stały n ow e dolinki ero
zyjne nacinające dotąd istniejące szerokie dolinki boczne. Im odpowia
dają n iew ielk ie  stożki napływowe, występujące w  licznych miejscach  
na pokryw ie torfowej i łączące się w mniej lub w ięcej zwartą listwę  
deluwiialną u stóp zboczy pradołiny*.

N a przemian z procesami erozyjnym i na zboczach pradołiny odby
w a ły  się procesy eoliczne na piaszczystych terasach pradołiny, w  na
stępstw ie których pow stały  w  co najmniej dwóch fazach liczne zespoły  
wydm, opisane przez W. M r ó z k a  (54), L. P i l a r c z y k a  (61) oraz 
innych, skupiające się szczególnie w  Kotlinie Toruńskiej i międzyrze- 
czu N oteci—Warty. Aż do polodow cow ego optimum klim atycznego  
trwało w ytapianie się brył martwego lodu, skupionych w  dużej ilości 
w  osadach m orenowych na terenie pradołiny jako na bliskim zapleczu  
form marginalnych stadium poznańskiego oraz nadnoteckich moren  
czołow ych. W cinanie się wód pradolinnych w  utwory m orenowe przy
sp ieszyło  proces wytapiania się lodów. W  efekcie terasy pradołiny w y 
kazują obok bogactwa form eolicznych również znaczne urozmaicenie  
swej powierzchni w postaci licznych zagłębień przeważnie zatorfionych, 
szczególn ie skupionych w  pradolinie W arty, a także w  postaci jezior 
rynnowych, opisanych m. in. przez J. B a j e r l e i n a  (3). Obecna dzia
łalność rzek w  pradolinie Noteci— W arty, n iedostosowana do wielk iego  
rytmu rozw ojow ego zamarłej obecnie pradołiny, jest minimalna. Noteć  
i Warta, meandrując po rozległym dnie pradołiny, powodują jedynie  
niew ielk ie  procesy erozyjne lub akumulacyjne w  dopływach, od których  
się oddalają lub do których się zbliżają, np. w dolinie Łobżonki.

ETAPY R OZW OJU POLODOW COW EJ SIECI DOLINNEJ NA NlZU POLSKIM

Zagadnienie rozwoju sieci dolinnej, w  trakcie w ycofyw ania  się lą- 
dolodu przy końcu ostatniego zlodowacenia z terenów  nadbałtyckich  
pom iędzy Odrą i Niemnem, ma bogatą literaturę. Jeden z pierwszych  
K. K e i l h a c k  (28, 29) w yjaśnił stosunek lądolodu do proglacjalnej 
sieci dolinnej. Opisał on pradolinę Toruńsko-Eberswaldzką i powiązał 
ją ze stadium pomorskim ostatniego zlodowacenia. W yróżnił także

* Zagadnienie  rozw oju  bocznych dolinek, rozcinających zbocza pradołiny  Noteci, 
jest tematem specjalnego studium, prowadzonego przez Z. C h u r s k ą  z ram ien 'a  
K atedry  Geografii Fizycznej UMK. W ykonano  także szereg p rac  m agistersk ich  w po
wyższym zakresie.
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pradolinę pomorską, w ytw orzoną w  czasie następnych faz recesyjnych  
lądolodu. Późniejsze, zwłaszcza ostatnie lata przyniosły w ie le  w ażnych  
i podstaw ow ych prac, które pozwalają dorzucić szereg now ych  m om en
tów do zagadnienia rozwoju dolin na niżu polodow cow ym , w idzieć je 
w  pełniejszym  św ietle  i określić ich w iek  geologilczny. Szczególną rolę 
w  tym  w zględzie odgrywa m niejsze studium syntetyczne dotyczące  
pradoliny N oteci—W arty i jej powiązania zarówno z odpływ em  san
drowym jak i dolinami rzek, idących z południa (por. poprzedni rozdział 
niniejszej pracy). Pradolina, jako centralny człon późnoglacjalnego s y 
stemu dolinnego, jest kluczem do w yjaśn ien ia  genezy ow ej s ieci do
linnej.

Rozwój dolin na om aw ianym  obszarze, począw szy od  stadium po
morskiego ostatniego zlodowacenia, może być rozpatrywany w  trzech  
fazach z szeregiem  subfaz. Nazywam  je fazą proglacjalną, fazą przej
ściową i fazą bałtycką.

1. F a z a  p r o g l a c j a i n a ,  przypadająca na stadium pomorskie  
ostatniego zlodowacenia, odznaczała się decydującym  w pływ em  wód  
roztopowych lądolodu na rozwój form dolinnych. Na początku tej fazy, 
gdy lob Odry miał swoj najw iększy zasięg, w ody sandrowe w okolicy  
Kotliny Kostrzyńskiej przelew ały się —  jak to wykazał H. Liedtke —  
bądź różnymi drogami na południe do Pradoliny W arszawsko-Berliń-  
skiej, bądź (nieco później) przez zw ężenie pradolinne pod Eberswalde  
(„Eberswalder Pforte") na zachód. W  tej subfazie na w schód  od lobu  
Odry tw orzyły  się na przedpolu lądolodu olbrzymie pola sandrowe, 
a w ody  roztopow e dążyły  na południe w kierunku przyszłej pradoliny. 
Jak dotąd nie ma dowodu, że w  tym  okresie istniała jakaś pradolina, 
która by zibierała w od y roztopowe, łąjcząc je  z wodam i rzek idących  
z południa. Pierwszy c iąg  pradolinny zw iązany ze  stadium pomorskim  
w ytw orzył się —  zgodnie z poglądem H. Liedtkego — na przedpolu Od
ry, lecz jego zasięg  ku w schodow i jest nieznany. Tym czasem  w ody  
rzeczne odpływ ały  na zachód Pradoliną Warszawsko-Berlińską.

W  następnej subfazie (ryc. 9a), przypadającej na okres szybszego  
zaniku lobu Odry niż pozostałej wschodniej części lądolodu, pow stały  

liczne doliny sandrowe (,,s" na ryc. 9a), którymi w o d y  roztopow e po 

usypaniu rozległych stożków sandrowych d ążyły  na południe, uchodząc  

do wielkiego szlaku pradolinnego, który zajmował położenie peryferyjne  

w  stosunku do krawędzi lądolodu. Pradolina ta w  okresie schyłkow ym  
stadium pom orskiego zbierała przeważającą część w ód  roztopo
w ych  lądolodu z jednej, a wód rzek karpackich i sudeckich z drugiej 

strony. Była ona zatem centralnym członem  ów czesnej s iec i dolinnej 
(ryc. 9a.)
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W schodnia część tego potężnego szlaku dolinnego, zwana w daw 
niejszych pracach Pradoliną W ileńsko-W arszaw ską *, zbierała głównie  
w od y  roztopowe, uchodzące z lądolodu na w schód od lobu W isły. Od 
południa w łączały  się w od y  górnych odcinków  Niemna, Narwi, Bugu
i W isły . Natomiast zachodnia część ow ego  szlaku pradolinnego, zwana  
Pradoliną Toruńsko-Eberswaldzką (co jest tylko częściow o słuszne) ** 
lub pradoliną Noteci—W arty, zbierała g łów nie w o d y  roztopowe z lą 
dolodu pomiędzy lobem W isły  a zanikającym loibem Odry. Od południa 
wpadała Odra, która zdołała w ytw orzyć sobie dolinę przełomową przez 
formy marginalne stadium poznańskiego, n ie korzystając już z dalszej 

części Pradoliny Warszawsko-Berlińskiej. Natomiast środkowa Warta  
łączyła  się z Odrą jeszcze przez pow yższą  pradolinę, przy czym Warta  
otrzym ywała dopływ płynący z północy przez późniejszy odcinek p rze 
łom ow y doliny W arty (okolice Poznania) ***.

Połączone w od y  W isły  i Odry, zbierające się w Kotlinie Kostrzyń- 
skiej, odpływ ały w  głównej swej masie doliną dolnej Odry, następnie  
doliną Rędowy, by za pośrednictwem jednej z paradolin meklemburskich  
uchodzić do tworzącego się u w ybrzeży Meklenburgii i w ysp  duńskich  
bałtyckiego jeziora lodow ego. Z tego powodu H. Liedtke wprowadził 
dla om awianego szlaku pradolinnego, w  ow ym  okresie, nazw ę pradoliny  
N oteci— Rędowy. Pozostała część wód pradolinnych korzystała nadal 
z niew ygodnego, bo ciasnego zw ężenia pradolinnego pod Eberswalde. 
Zatem istniała tu bifurkacja wód pradolinnych, podtrzym ywana głównie  
przez w ody powodziowe. Z pow yższego opisu wynika, że deglacjacja  
przebiegała nierównomiernie, tj. szybciej na zachodzie niż na wschodzie, 
co mogło być następstwem bardziej m orskiego klimatu na zachodzie.

Rekonstrukcja wyżej nakreślonego obrazu rozwoju sieci dolinnej 
w  okresie schyłkow ym  stadium pomorskiego została oparta przede  
wszystkim  na analizie teras pradoliny N oteci—W arty w  ich powiązaniu  
ze szlakami sandrowymi.

Autor zrekonstruował system  odpływu sandrowo-pradolinnego  
z okresu pradoliny N oteci— Rędowy, sięgający od terasy sandrowej 
Brdy i szczątków terasy pradolinnej w  Kotlinie Toruńskiej na wschodzie  
do fragmentów terasy pradolinnej w  dolinie R ędow y na zachodzie  
(ryc. 11), uwzględniając także studia H. G. O s t  a (58, 59), St. K o z a r- 
s k i e g o  i J. S z u p r y c z y ń s k i e g o  (37), W. M r ó z k a  (54),
H. L i e d t k e g o  (48) i in. Dla rekonstrukcji dolin występujących  
w  tej fazie na wschód i południe od dzisiejszej doliny dolnej W isły,

* O statn io  J. K o n d r a c k i  nazw ę tę  wznowił (34).
** Por. uwagi na ten tem at na str. 103-104.
*** Por. pracę T. 15 a r t k o w  s k i e g o (5).
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którą w  ow ym  czasie zapew ne p łynęły  na południe do Kotliny Toruń
skiej w od y  sandrowe W dy, pożyteczne okazały  się badania St. L e n -  
c e w i c  z a (46), dotyczące doliny W isły, J. K o n d r a c k i e g o  (32, 
33, 34) pośw ięcone obszarowi Mazur, W. O k o ł o w i c z a  (57) doty
czące rozwoju doliny Niemna i L. R o s z k ó w n y  (64) o morfologii 
zachodniej części Pojezierza Mazurskiego.

2. F a z a  p r z e j ś c i o w a .  Jak wskazano, w  czasie maksimum 
stadium pom orskiego w ody roztopowe z pobliskiego lobu Odry odpły
w ały  różnymi drogami do Pradoliny W arszawsko-Berlińskiej, a później 
dopiero pradoliną pod Eberswalde na zachód. O dpływ  połączonych wód  
fluwioglacjalnych i rzecznych pradoliną N oteci— W arty ku zachodowi, 
a następnie po przyjęciu wód Odry na północ, ku zanikającemu lądo- 
lodowi (z częściow ym  bifurkacyjnym odpływ em  przez zw ężenie prado- 
linne pod Eberswalde na zachód (ryc. 9a) był już wyrazem końcow ego  
etapu stadium pomorskiego. O dpływ wód dolinami Odry i Rędowy do 
tw orzącego się Bałtyku był równocześnie w stępnym  krokiem do następ
nej fazy rozwoju sieci dolinnej, m ianowicie do fazy przejściowej. Na 
zapleczu moren czołow ych stadium pomorskiego, w trakcie etapowego  
(fazowego) w ycofyw ania  się lądolodu na teren obecnego Bałtyku, roz
wijała siię sieć dolin marginalnych, pow iązanych ze sobą kotlinami 
zastoiskowymi, dolinami tymi p łynęły  w ody  fluw ioglacjalne uzupełnione  
wodami niewielkich rzek, które tw orzyły się  na północnym  skłonie 
moren stadium pomorskiego. Podczas dłuższego postoju lądolodu, zbie
gającego się zapew ne z fazą północno-rugijską, powstała pradolina 
pomorska, opisana przez K. K e i l h a c k a  (29), K. v. B ü 1 o w a 

(8) i w ie lu  innych (ryc. 9b).
Tym czasem na południe od moren czołow ych  stadium pomorskiego, 

w warunkach klimatu peryglacjalnego, dotychczasow ym i dolinami san
drowymi zaczęły  płynąć rzeki, odwadniając rozległe stożki sandrowe. 
D ążyły  one do pradoliny, w  której skupiały się w od y  całej sieci rzecz
nej obszaru Polski, płynąc w  poziomie tzw. terasy pradolinnej przej
ściowej, która w cięła się na około 5 m w  terasę pradolinną odpowia
dającą fazie proglacjalnej. Terasa ta w ystępuje nie tylko w  pradolinie  
Noteci— Warty. Stwierdzono ją także w  dolinach sandrowych, w  dolinie 
dolnej Odry i Rędowy, którędy w od y  ostatecznie odpływały, kierując  
się ku Bałtykowi. Terasę tę stwierdzono również jako najw yższy poziom  
dolinny w  ujściu doliny W arty do pradoliny. W  tym okresie istniała 
już dolina przełomowa W arty pod Poznaniem i w od y  W arty łączyły  
się z wodami rzecznymi płynącym i w  pradolinie N oteci— Warty. Jedy
nie część wód warciańskich —  zgodnie z poglądem  T. B a r t k o w 
s k i e g o  (5) —  kierowała się jeszcze bifurkacyjnie na zachód prado
liną W arszawsko-Berlińską.
8 — Prace geograficzne
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W następnej subfazie, w  poziomie górnej terasy zaczęła się w y 
odrębniać dolna Wisła, a w ody  Odry od pływ ały  na północ do w y z w o lo 
nego z lodu obszaru w  obrębie obecnej Zatoki Pomorskiej. Lecz faza 
przejściowa jeszcze trwa. Dlatego tylko część wód wiślanych kieruje  
się ku północy, gdy tym czasem pozostałe w od y  odpływ ały  bifurkacyjnie  
na zachód pradoliną Noteci—W arty (17). Podobnie część wód skupio
nych w dolinie dolnej Odry odpływała bifurkacyjnie doliną R ędowy na 
zachód. Lecz w iększość wód rzecznych Odry, reprezentujących główną  

masę wód rzecznych na Niżu, po przejęciu w ód  z pradoliny pomorskiej, 
odpływała podmorską obecnie doliną wzdłuż Uznamu i Rugii do tw o 
rzącego się wówczas Bałtyku.

Dokąd odpływ ały  w ody  dolnej W isły? N iew ątpliw ie w owym  czasie  
Zatoka Gdańska była jeszcze zajęta przez lob W isły. Na jego przedpolu  
rozpościerała się depresja końcow a otoczona wieńcem  moren stadial- 
nych. W edług przeważającej opinii badaczy obszar ten był zajęty przez 
rozległe jezioro lodowe, tzw. zastoisko gdańskie, opisane przede w szyst
kim przez P. S o n n t a g a  (69). Ostatnio w  tej sprawie wypow iedział 
się Z. J. K o t a ń s k i (36), wskazując na ślady zastoiska w sąsiedztwie  

Żuław Gdańskich na w ysokości 40— 45 m n. p. m., natomiast niżej po
łożone listw y abrazyjne (17— 20 m n. p. m.) na skraju w ysoczyzny  uznał 
jako ślad morza litorynowego. Zagadnienie to, zdaniem tego autora, 
jest nadal dyskusyjne i wym aga szczegółow ych  badań. W  każdym razie  

w iele  faktów geologicznych i morfologicznych wskazuje na istnienie  
w  owym  okresie zastoiska, które powiększało się a równocześnie obni
żało w miarę w ycofyw ania  się lądolodu na terenie Bałtyku.

Czy doszło do ostatecznego zaniku zastoiska, gdy lądolód całkowicie  
opuścił ląd, czy też obecne Żuławy wraz z Zatoką Gdańską stały się  
od razu zatoką morską —  pozostaje sprawą dyskusji *.

Podczas jednej z kolejnych faz postoju w  okresie starszego dryasu  
(ryc. 9c) powstała pradolina Pregoły opisana m. in. przez B. K o m -  
k e g o  (41); jej w ody uchodziły do jeziora lodow ego na terenie obecnej 
delty W isły. Odpływ z tego jeziora nastąpił przez pradolinę Łeby, a da
lej na zachód przez jedną z licznych dolin marginalnych wzdłuż kra
wędzi lądolodu. Zasięg lądolodu był w  ow ym  czasie zapewne jak i po
przednio zróżnicowany. Prawdopodobnie w  zatokach Gdańskiej i Pomor
skiej lądolód posiadał lobow e w ygięcia. W skazują na to również wyniki 
badań H. K 1 i e w  e g o (31). Jedynie po obu stronach Zatoki Gdańskiej 
na podstawie w ystępujących tam form marginalnych można dokładnie 
ustalić zasięg lądolodu w  owej fazie deglacjacji. W ielka pradolina na

* Autor w świetle analizy  rzeźby podwodnej i budow y geologicznej delty  W isły  
wypowiedział się za drugą ewentualnością  (21).
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południe od moren stadium pomorskiego odgrywa nadal rolę najważ
niejszej arterii wodnej na Niżu. Nadal istnieje bifurkacja w ód W isły  
płynących z kole i w  poziomie w yższej terasy środkowej. Najstarsze  
bowiem osady torfowe w  pradolinie Noteci na zachód od Bydgoszczy  
pochodzą z młodszego dryasu, przeto z okresu gdy lądolód w ycofa ł się  
już na teren Skandynawii. Natomiast, jak wynika z analizy teras w  do
linie dolnej Odry, w szystk ie w od y  Odry odpływ ały na północ pod
wodną obecnie pradoliną wzdłuż Uznamu i Rugii do Bałtyku, przyj
mując od wschodu w ody  rzek marginalnych lądolodu.

3. F a z a  b a ł t y c k a .  Dokonanie pełnego odwrotu wód W is ły  do 
otwartej Zatoki Gdańskiej ( w  poziom ie niższej terasy środkowej doliny  
dolnej W isły  —  Alleröd?) i w ytw orzenie się działu wód w  pradolinie, 
jak również diotaroie w ód  Niemna do bałtyckiego jeziora lodow ego, 
otwierają ostatnią fazę w  rozwoju nadbałtyckiej s ieci dolinnej, m iano
w icie  fazę bałtycką. M aleje znaczenie Odry, pozbawionej dopływ u wód  
pradoliną z Wisły. Ujście Odry w  owym  okresie, w  odróżnieniu od W i
sły  i Niemna, znajdowało się na terenie Bałtyku z dala od obecnego  
lodu. W  fazie bałtyckiej utrwaliła się ostatecznie owa zasadnicza  
sprzeczność w  kierunku odpływ u rzecznego na Polskim Niżu. Z jednej 
strony —  przetrwałe doliny sandrowe, skierowane na południe, z dru
giej strony idące na północ doliny przełomowe Odry, W is ły  i  Niem na  
oraz doliny mniejszych rzek nadbałtyckich, dążące krętym i biegami 
za pośrednictwem krótkich dolin przełom owych do pobliskiego morza. 
Rzeki reagują na p o lod ow cow e wahania poziomu Bałtyku przez 
tworzenie teras dolinnych i akumulację. Pradolima N oteci—Warty, 
o spadku n iedostosow anym  do dzisiejszych przeważnie m ałych rzek  
w  niej płynących, hamuje w pływ  bałtyckiej bazy erozyjnej i s ta je  się  
doliną martwą. Tym czasem bliskość tej bazy erozyjnej w  stosunku  
do dopływ ów  dolnej Wiisły pow oduje intensyw ny rozwój ich dolin, 
o czym  św iadczy ilość teras dolinnych, przeważnie erozyjnych— np. 
dziewięć teras w  dolinie Brdy.

O B J A Ś N I E N I A  D O  R Y C I N

Rye. 1. Terasy doliny Gwdy na w schód od Piły (półwysep terasowy)
1 — piaski sandrowe z glazikami; 2 — glina lodowcowa; 3 — piaski między- 
morenowe (fluw ioglacjalne); 4 — iły zastoiskowe pod brukiem m orenow ym  
(cegielnia); 5 — piaski i żwir z głazami na powierzchni te rasy  I 

Ryc. 2. Odsłonięcie w terasie pradolinnej w dolinie Rędowy (Randow) w okolicy 
Bagemiihl (NRD)

a — piaski różnoziarniste  z p rzew agą piasków  grubych; b — bruk w postac i 
głazów dobrze obtoczonych o średnicy  do 2 0  cm; c — niezgodnie leżąca pod 
brukiem seria w arstw ow anych  piasków  przedzielonych w ars tw ą  żwirów
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Ryc. 3. Odsłonięcie w  terasie  p rado linnej przejściowej w  Dziembówku (na wschód 
od Piły)
1 — p iasek  pokryw ow y i u tw o ry  rezydualne po ścięciu erozyjnym  gliny m o re 
nowej, k ieszenie  akum ulacyjne; 2 — glina lodowcowa; 3 — w ars tw ow ane  
p iaski fluwioglacjalne o różnej frakcji; 4 — piasek drobnoziarnisty  z przewar- 
stw ieniam i p iasku  gruboziarnistego — upad  32° na południe; 5 — mulek p ia sz 

czysty
Ryc. 4. Odsłonięcie w  górnej te rasie  w  Paterku (na południe od Nakła)

1 —  u tw ór pokryw ow y rezydua lny  (głazy i żwir); 2  — jasnożółte w ars tw ow ane 
piaski; 3 — b runa tna  glina lodowcowa 

Ryc. 5. Odsłonięcie w  górnej te rasie  w  cegielni M urzynowo (na południe od D rez 
denka)
a — poziomo w ars tw ow ane  jasnożółte  piaski rzeczne; b —  bruczek z kaw ałkam i 
przerobionego iłu; c — jasnożółte  piaski fluwioglacjalne o różnym nachyleniu; 
d — w ars tw a  głazików, silnie zlimonityzowanych piasków i żwirów o w a rs tw o 
w an iu  p rzekątnym  oraz liczne bloki 

Ryc. 6 . Odsłonięcie w  górnej te rasie  w  M eyenburg  w  dolinie dolnej O dry  (NRD)
a — piaski drobno- i ś rednioziarnis te  o n iewyraźnej lam inaeji horyzontalnej; 
b —  żwiry z głazikami i głazy obtoczone, słabo w idoczna lam inacja  ho ryzon 
ta lna, c — piaski drobne i średnioziarniste, w arstwow ane, o zmiennym n a 
chyleniu

Ryc. 7. W y k res  średniego obtoczenia ziarn niektórych osadów terasow ych w  p rad : l in ie  
Noteci—W arty , dolinie dolnej O dry  i dolinie Rędowy (Randow) w edług pomiarów 
W. S t a n k o w s k i e g o .
A  — t. pradolinna; B — te rasa  pradolinna przejściowa; C — górna terasa ; 
D — górna  te rasa  przejściowa (b).

Ryc. 8 . Szkic morfologiczny ujścia doliny Drwęcy
1 — górna te rasa ;  2 — górna te rasa  przejściowa; 3 — niższa środkowa te rasa ;
4 — dolna te rasa ;  5 —  te rasa  nadzalewow a (II stopień); 6 — te rasa  nadzale-
w owa (I stopień)

Ryc. 9. Rozwój sieci dolinnej w Polsce północnej
a — faza prog lac ja lna; b —  faza przejściowa, e tap  początkowy; c — faza p r:e j-  
ściowa, e tap  końcowy. Rozbieżne strzałki oznaczają miejsca b ifurkacji 

Ryc. 10. T e rasy  p radoliny  N oteci—W arty . Szkic morfologiczny
1 — w ysoczyzna m orenow a i moreny czołowe; 2 — starsze sandry; 3 — te rasa  

sandrow a i pradolinna  (terasa V); 4 — te rasa  pradolinna przejściowa (terasa IV)j
5 — górna  te rasa  (terasa III); 6 — górna te rasa  przejściowa (b) czyli te ra sa  U)
7 — górna te rasa  przejściowa (a) czyli te rasa  I; 8 — w ydmy; 9 — zagłębienia
w ytopiskow e, 10 — jeziora. Dno pradoliny  i niższe (młodsze) te ra sy  związane 
z doliną dolnej W isły pozostawione bez oznaczeń. Cyfry oznaczają  w ysokości 
bezwzględne. Przy opracow aniu  niniejszej m apy  uwzględniono także w ynik i 
badań  T. B a r t k o w s k i e g o ,  B. D a m m e r a ,  St. K o  ż a r s k i e g o ,  B. Kry-r 
g o w s k i e g o ,  H.  L i e d t k e g o ,  H.  L e m b k e g o ,  W.  M r ó z k a ,  H.  G. O s t a ,  

J. S z u p r y c z y ń s k i e g o
Ryc. 11. Profil podłużny teras p radoliny  Noteci—W a rty  oraz dolin dolnej O dry  i Rę

dow y (Randow) •  —

1 — dno pradoliny; 2 — te rasy  prawobrzeżne; 3 — te rasy  lewobrzeżne; 4 — te 
ra sy  po obu stronach rzeki; 5 — określenia  cyfrowe teras; 6 — rekonstrukcja  
daw nych  den dolinnych; 7 — torf; 8 — fragm ent profilu p ie rw otnego dna pra 
doliny; 9 — w ysokości bezwzględne . .
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P A H M Y H ß  T A J I O H

MOPOOJIOrMH 
nPA^OJIMHbl HOTEIJM— BAPTbl 

(JIMEO TOPyHbCK O -SEEPCBAJIbßCK Otf)

P E 3 I O M E  

OCHOBHBIE nPOEJIEM bl MCCJIEßOBAHMH

Abtop npoBOßMJi reojiorHnecKMe m re0M 0pc|)0Ji0rMHecKMe MCCJießOBa- 

HHS npa^ojiMHbi ot EbmromM flo KocTpjKMHa m KpoMe Toro MMeji B03- 

M 05KH0CTL n03HaK0MMTbCH C HaMÖOJiee BaJKHbIMM oßHa^KeHMHMM B Tep- 

pacax HMÄHero TeneHMH Oflpbi m b ßOJiMHe PaH,u;oB (Ha TeppMTopMM 

TepMaHCKOM .ZJeMOKpaTMHecKOM PecnyÖJiMKM). Mccjie^OBaHHH KacajiMCb 

rjiaBHbiM 0Öpa30M Teppac.

B npaflOJiMHe HoTeijM-BapTbi cymecTByioT ,n;Be KaTeropMM TeppacoBbix 

ypoBHen, a mmchho: Teppacbi, CBH3aHHbie co ctokom bo,o; npaßOJiMHbi, t . e. 
COCAMHeHHblX peMHbIX M JießHMKOBblX BOß, MJIM n J i e Ü C T O I ^ e H O B b i e  

Teppacbi, M Teppacbi, CBH3aHHbie MCKJIIOHMTejIbHO C peHHbIM CTOKOM, MJIM 

rojiou,eHiOBbie Teppacbi. Teppacbi 3tm cymecTByioT TaKxe b ßOJiMHax, 

Bna^aiomMx b npa,n;ojiMHy, ocoßeHHO b ßOJiMHax Epßbi, Tb^m m ̂ paBbi. Bce 

Teppacbi B AOJiMHax, BnaßaiomMx b npaßOJiMHy, HaKJioHeHbi b ee CTopoHy, 
a B HeM caMOM —  k 3ana,zjy. Tojibko Ha TeppMTopMM oßeMX KpaeBbix ko- 

TJIOBMH, a OCOßeHHO TopyHbCKOM KOTJIOBMHbl, HaKJIOH TeppaC B HaCTOflmee 

BpeMH MeHee Bbipa3MTejieH.

TEPPACBI B ÜPAßOJIMHE HOTEIJM II BAPTBI

M 3 MCCJieflOBaHMM aBTopa, a TaioKe M3 ccbijiok ero Ha pe3yjibTaTbi mc- 
cjieAOBaHMM ß p y m x  aBTopoB cjie,n;yeT, hto b npa^ojiMHe Haß ee ^hom (t. e. 
1— 2-MeTp0B0M n0MM0M) cymecTByeT miTb Teppac, He CHMTaa HeMHoroHM- 

cjieHHbix jiOKajibHbix TeppacoBbix ypoBHen nepexoAHoro xapaKTepa:

I. BepxHHH nepexo^Haa (a) mjim 5-MeTpoBan Teppaca (cpe^HMM 
yKjioH 1 : 5530)

II. BepxHHH nepexoAHan (6) mjim 7— 9-MeTpoBan Teppaca (cpe^HMM 

yKJioH 1 : 5140)
III. BepxHHH mjim 10— 12-MeTpoBaa Teppaca (cpe,u;HMM yKjioH 1 : 6000).
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IV. n p a ^ o J iH H H a n  n e p e x o ^ H a n  T e p p a c a  mjim 1 5 — 2 0 - M e T p o B a a  (cp e^ H M M  

yKJiOH 1 : 6 3 6 0 )

V. n p a f lO J iM H H a n  mjim 3 a H A p o B a n  T e p p a c a  c  O T H O cM T e jib H O M  b b i c o t o m

b  1 8 — 25 M e T p o B  (c p e ^ H M M  y K J iO H  1 : 6420 *  m jim  1 : 7270 **)

B c e  B b i in e y n o M H H y T b ie  T e p p a c b i  n p a f lO J iM H b i H o T e i jM  —  B a p T b i  c y m e -  

C T B y iO T  B T o p y H b C K O M  K O T J io B M H e . T o j ib K o  B e p x H H H  n e p e x o ß H a n  T e p p a c a  

(a )  n o H B jt t ie T C H  b  Ü M J ib C K O M  K O T J io B M H e . I Ip a f lO J iM H H a H  n e p e x o ^ H a n  T e p 

p a c a  n p o f lO jD K a e T C H  m b  ^ o j iM H e  P a H flO B , B e p x H H H  T e p p a c a  n p a ,z j;o jiM H b i 

HOCMT 6 M4 )y p K a u ;M O H H b iM  x a p a K T e p  t .  e . n e p e x o ^ M T  H e  T o j ib K o  b  .z jo jiM H y  

P aH ,n ;o B , h o  m b  h m s o b b h  O f lp b i .  O c T a j ib H b ie  ö o j ie e  H M 3 K M e  T e p p a c b i  n p a -  

ftO J IM H b l C y m e C T B y iO T  H M JK e B  H M 3 0 B B H X  O f lp b l .

. B e p T M K a j ib H b ie  n p o M e jK y T K M  M e 5K,o;y o T ^ e j ib H b iM M  T e p p a c a M M  y ^ M B M -

TeJIbHO OflMHaKOBbl (npM 6jIM 3M TejIbH O  4---- 5 m ),  HTO flOJHKHO C B M fleT ejIb -

CTBOBaTb O peryjIHpHOCTM pMTMa 3p03MM, BbI3BaHHOM KOJieÖaHMeM 3p03M0H- 
Horo 6a3Mca. TojibKo b  BepxHeM nacTM npo,n;ojibi*oro npoc^HJiH HeK0T0pbix 
Teppac HaKjioH mx B03pacTaeT, a npoMexcyTKM MejK^y TeppacaMM M3Me- 
HHKDTCH. KpoMe Toro cpe^HMM HaKjioH öojiee Mojioflbix Teppac HeMHoro 
6ojibine HaKjiOHa Teppac ßojiee ^peBHMx, h to  BepoHTHO CBH3aH0 c  coKpa- 
meHMeM ,o;jiMHbi HMJKHero TeneHMH peKM nocjie npopbiBa ee b  ITomopckmm 
3ajIMB.

Bce Teppacbi HBJIHIOTCH 3p03M0HHbIMM, MJIM 3p03M0HH0-aKKyMyjIfl- 
TMBHbiMM c  1— 2-MeTpoBbiM, pejKe 6ojiee MomHbiM, cjioeM penHbix 
OTJIOJKeHMM Ha MOpeHHblX M MeJKMOpeHHblX OCa^KaX. CorjiaCHO M3MeHHM- 
BOMy reojiorMHecKOMy cTpoeHMio njieiicTOLjeHa b  Teppacax oÖHajKeHbi 
MOpeHHaa rjiMHa, cjiOMCTbie necKM, c£)JnoBMorjiHu;MajibHbiM rpaBMM m jieH- 
TOHHbie rjiMHbi, npMHeM name Bcero MopeHHan rjiMHa noflBjraeTCH b  ßojiee 
b b ic o k m x  Teppacax, a MejKMopeHHbie o t j i o j k c h m h  H a  öojiee h m 3 k m x  Tep
pacax (m . np. npocj?MJib Teppacbi b  h m x h c m  TeneHMM TB^bi —  pMC. 1). Bo 
MHorMx cjiynaax Ha noBepxHOCTM Teppac b  c b h 3 m c  m x  3p03M0HHbiM xa- 
paKTepOM COXpaHMJIMCb TOJIbKO OCTaTKM MOpeHbl B BMfle BajiyHHMKa 
c BajiyHaMM pa3Hofi BejiMHMHbi, a peHHbie necKM jieraaT noHTM Henocpefl- 
CTBeHHO Ha necKax c£>jiioBMorjiHu;MajibHbix.

Ha necnaHbix Teppacax 0Öpa30BajiMCb flioHbi, nepexo^Hin;Me MecTaMM 
B cnjioiHHbie fliOHHbie KOMnjiexcbi.

OTJio^eHMH npa^0JiMHH0M (3aH,n;poEOM) Teppacbi BbiKa3biBaiOT xapaK- 

repHbiM ßjra oca^KOB TeKynMx b o #  Me^jieHHbiM, h o  nocTOHHHbiM pocT 

OKaTaHHOCTM (p m c . 7), He HapymeHHbiM npMCoe^MHeHMeM k  Hen 3aH,n;poB 

Tß^bi M ^paBbi, h t o  no Bceü BepoHTHOCTM h b j i h c t c h  pe3yjibTaT0M o ^ h o -  

BpeMeHHoro cymecTBOBaHMH noxoscMX RjiMHbi m HaKjiOHa s t m x  3aH,o;poB.

* H a  ynacT K e E b iß r o m  —  BareMioJib (b  .zjojiHHe PaH^OB).

** H a  ynacT K e A jieK caH ßpoB  KyHB. —  BareM ioJib (b aojiwH e PaHßOB).
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MopcJpojiorwa npaflOJiHHbi HoTeijM—BapTbi

OKaTaHHOCTŁ 3epeH o t j i o j k c h m m  cjie^yiomMX Teppac BbiKa3bmaeT n c H o e  

HapymeHMe jimhmm cBoero pa3BMTMH c TeneHweM peKH TaM, iyje k oca,n;KaM 
npa,n;ojiMHbi npwcoe^piHHioTCfl OTJicmemiH Tbabi mjim ^paBbi, ceflMMeHTM- 
p y i o m i i e  B MHblX yCJIOBMHX, B b I3 BaH H bIX  BepOHTHO ßOJIbUIHM HaKJIOHOM 

3TMX p e K .

TEPPACBI B BOKOBbIX JJOJIMHAX

OnMcaHHbie Bbirne Teppacbi npa,n;ojiMHbi HoTeijM-BapTbi c mx npo,o;oji 
JKeHMeM B flOJIMHe HH30BbeB O f lp b l  M flOJIMHe PaHAOB MMeiOT CBOM aHajiom  

B flOJiMHax, BnaflaiomMx b  npa/jojiMHy. Bbijui MCCJie^oBaHbi HH30BbH 

^pBeHijbi, 3aH^;pa m ßOJiMHbi Bp^bi, flOJiMHbi JIoSjkohkm, 3aH,n;pa u flOJiMHbi 

rB^bi, 3aH^pa M aojihhm  ^paBbi, Teppacbi aojihhm  BapTbi Bbiine ycTbH 

HOTeU,M M p x n  MGHbUIMX flOJIMH.

M c c j i e ^ o B a m i e  T e p p a c  b  ßO JiM H ax, c o e ^ M H H io m M x c H  c n p aflO JiM H oft Ho- 
Tei^M— B a p T b i  n o ^ T B e p ^ ,n ; a e T  n p o M 3 B e ,a ;eH H o e  B b ir n e  n o A p a s f l e j i e H u e  T e p p a c  

b  n p a ^ o j iM H e  H a  n a T b  T e p p a c o B b i x  y p o B H e f t ,  n o H B J iH io m M x c H  b  B u ß e  M e H b -  

iiiM X M ö o j i b i n w x  y n a c T K O B  B ^ o j ib  B e e n  n p a ^ o j iM H b i  (H e  npM H H T bi b o  

BHMMaHMe j io K a j ib H b ie  3 a H ,n ;p o B b ie  n o B e p x H o c T M , o ß p b iB a io m M e c H  3 p o 3 w o H -  

H biM  y c T y n o M  k  npa ,o ;o jiM H e w 1— 2 - M e T p o B a n  n o M M eH H a n  T e p p a c a ) .

ßH O  nPAflOJIMHBI
m

B ^ a j ib H e w m e M  a B T o p  a H a j i n 3 n p y e T  ^ h o  n p a flO J iH H b i, K O T o p o e , n o c j i e  

noTepn penH bix boa, n o ,n ;B e p r j io c b  3anojiHeHMio cyrjiHHKaMH m T0pc£>0M. 

M 3 MCCJie^OBaHMii T. X y p c K i o r o  (10) c j i e f l y e T ,  h t o  pejmecjD f lH a  n p a -

flOJIHHbl, nOKpbITOrO OpraHOreHHbIMM OTJIOJKeHHHMM, OHeHb HepOBHblM. 
TjiyßMHa BnaflMH, 3anojmeHHbix b  HacTOHiijee BpeMH T0pc£>0M, ^oxoaht  
,n;o 10 M M öojibine. KpoMe Toro cymecTByioT aKKyMyjiHTHBHbie Bajibi, Ha- 
cbinaHHbie pexaMM, Bna^aiomMMM b  npa,n;ojmHy (HoTeijb, r B ß a ) .

HnjKe 3aT0pcJ)0BaHH0r0 Ana npa,o;ojiMHbi Haxo^HTCH norpeöeHHbie a o -  

JIMHbl M Bna^MHbl, 3anOJIHeHHbie OTJIO^KeHHHMM 3aCTOMHbIX 03ep. M3 3Toro 

B e p o f iT H O  cj ie ,a ;y e T , h t o  cymecTBOBajio M op^ojiorw necK oe npe,n;pacnojio- 

5KeHHe, yHacjieflOBaHHoe npa^ojiMHoii b o 3 m o x h o  o t  BpeMeHM nocjie,o;Hero 

MeJKJie^HMKOBbfl.

TEOJIOrMHECKOE CTPOEHME ßOJIMHHOll 30H B I
- . . .  - -

IIpaAOJiMHa Bpe3aHa Ha rjiyÖMHy 20— 40 m b  MopeHHoe njiaTO, a TaKHce 

B OTJiiOJKeHMH njiHoijeHa u MMOu;eHa. Ho Bce xce xoa npa^ojiKHM BapTbi—  
HOTeiJM, MCKJIIOHaH KoCTpjKHHCKyiO KOTJIOBMHy, He BbIKa3bIBaeT npHMOM  

3aBMCMM0CTH OT pejlbecjpa OCHOBaHMH nJieMCTOI];eHOBbIX OTJIOJKeHHM, op o-  

rpac^MHecKMe och  KOToporo nepecexaioTCH npaflOJiHHoił.
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O^HaKO O^HOBpeMeHHO C BbIIlieCKa3aHHbIM MOÄHO BblflBMHyTb Te3MC, 
I7|0 KOTopoMy cymecTByeT yHacjieAOBaHHoe coBpeMeHHoii npaflOJiMHoii 
npeflpacnojio^eH M e b  BM#e p a^ a  Bna#MH Ha njieHCTOijeHOBOM noBepxHOCTM, 

ocTaBiiiMxcH nocjie npe^nocjieflHero jießHMKOBbH (rjiHijMOTeKTOHMKa?), 3a- 
nojm eHH bix oca^KaMM 3acT0MHbix 03ep  (puc. 1). O tjiojkchmh nocjießH ero  

jie^HMKOBbH He BbipaBHHJui pfl,o,a 3THX Bna^MH, ÓJiaroflapn HeMy ohm CTajin 

MecTaMH CKonjieHMH Tajibix so#  m hx CTOKa Ha 3ana,zj.

AHajiM3 ^Ha npa^ojiMHbi m ee  Teppac m h x  yBH3Ka c 3aH^poBbiMM m ro-  

JIMHHblMM TeppaCaMM HM30BbeB BwCJIbl M Oflpbl flaeT B03M05KH0CTb BOC- 

npoM3BecTM 3Tanbi pa3BMTHH npa^ojiiiHbi HoTeijM— BapTbi o t  BpeMeHH 
noMopcKOM CTâ MM nocjieflHero jie^HMKOBbH #o HacTOHiijero BpeMeHM.

H t o  K a c a e T c a  n e p M O # a  o t  B p eM eH M  n p e ö b iB a H M H  Kpan j ieß H M K a H a  

jim hm m  Ha,n,HOTeu,KMx M o p e H  f l o  n o M o p c K o i i  CTa^MM —  H a m i i  cB eß eH M H  

H a x o ^ H T C H  B cc£>epe n p e f ln o j io x s e H M M .

ITpa^ojiMHa HoTei^w— BapTbi 06pa30Bajiacb bo BpeMH noMppcKOM CTa- 

flMM. TeHe3MC e e  cjio^KeH, TaK KaK paccTOHHMe Kpan jie,n;HMKa o t  npaflOJiMHbi 

He Ha B cex  ynacTK ax öbijio OAMHaKOBO. 3ana^H bm  ynacTOK stom  npa/jo -  

jiMHbi Haxo^HJiCH BÖJIM3M M flarae Henocpe^CTBeHHO y  caMbix KOHenHbix 

MopeH noMopcKOM CTa^MH (t.  e. .zjajieKO na ior BbiflBMHyTOM jic^hmkoboji 

jionacTM Oapbi). B pe3yjibTaTe —  b t o  BpeMH KaK Ha 3 ana,oe, b pawoHe 

KOCTPJKMHCKOM KOTJIOBMHbl, C03flaBaJIMCb 3aHflpbI, nO^rOTOBJIHIOIIJMe n o -  

CTeneHHO 06pa30BaH ne npa^ojiMHbi, Ha b o c to k c  n ep e^  KpaeBbiMM c£>opMa- 

MM noMopcKOM CTaflMM, 06pa30BbiBajincb nepBbie 3aH,n;poBbie KOHyca Bbi- 

Hoca, He AOXoflHmwe # o  coBpeMeHHoii npaßOJiMHbi.

O^HaKo M B 3ana^HOM nacTM npa^ojiMHbi e e  s b o j h o i j m h  npoxoflHJia He- 

c k o j ib k m m m  STanaMM. B o  BpeMH cymecTBOBaHMH JionacTM OaPbi Tajibie 

BOßbij KaK s t o  cjie^yeT M3 HanpaBjieHMH CTOKa 3aH,o;poBbix BOß, cBH3aH- 

Hbix c 3THM nepwoAOM, nepeceKajiM coBpeMeHHyio KocTp5KMHCKyio KiOtjio- 

BMHy, HanpaBjiHflCb pa3HbiMn nyTHMM b  BapuiaBCKO-EepjiMHCKyio npa,o;o- 

jiMHy, MejK^y npoHMM n ep e3  cyjKeHHyio nacTb npaßOJiMHbi n o #  3 6 e p -  

CBajib,n;3.

H  H e  CHMTaiO B03M 02KH bIM  QOrjiaCMTbCH C MHeHMeM HeM ei^KM X y n e H b l X ,  

4 T 0  K o c T p jK H H C K a n  KOTJiOBMHa ö b i j i a  3 a n o j i H e H a  c n j io n iH O H  M a c c o i i  M e p T -  

B o r o  J lb ^ a  M TOJIbKO n p H  STOM yCJIOBMM 6bIJI B 03M 05K eH  CTOK Jie^HM KOBblX  

BOA M3 COBpeMCHHOM CeB epH OM  HaCTM 3T0M  KOTJIOBMHbl B e e  K)5KHyK) MaCTb 

M ß a J i b m e  b  B a p m a B C K O - B e p j iH H C K y io  n p a ^ o J iM H y .  C o B p e M e H H b ie  CKJioHbi 

KOCTP^M HCKOM  KOTJIOBMHbl, ( |3 0 p M a  M TJiyÖMHa e e  o 6 H 3 a H b I  CBOMM npOM C-

X iO x ^ eH M eM  6ojiee  m o j i o ^ b i m  3 p 0 3 M 0 H H b iM  npou;eccaM 0,n;pbi m BapTbi 

(pMC. 10).
I lo c jie  OTCTynjieHMH J io n a c T M  0,qpbi ao jimhm m  MopeH cj3a3bi A H rep- 

mk)h a3, MMeiomMX CBoe npoAOJiHceHMe Ha boctok ot O a pb i  b BM^e MopeH
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M opcjpojiom a npa^ojiHHbi HoTeijM— BapT bi 1 2 1

O K p ecT H O C T eü  X o m h b i ,  H a c T y n m i a  H O B a a  4 >a3 a  0 6 p a 3 0 BaHWH 3 a H ^ p o B .  

H o B b i e  3 a H ^ ;p b i B p e 3 a j m c B  b  6 o j i e e  f lp e B H w e  3 aH ,m p o B b ie  n o B e p x H o c T M . B o  

B p eM H  3TOÜ 4 ) a 3 b l  H e  TOJIbKO 3 a H ^ p O B b ie  BOflBI n p p T e K a jIM  C BOCTOKa n o  

n p aA O JiM H e B a p T b i  (H eM 3 B ec T H 0  b  K a K w x  r p a H M ij a x ) ,  h o  c o r j ia c H O  m h c h m i o  

T . J I n f l T K e  CTeKajiM  n e p B B iw  p a 3  cy^K eH H B iM  y n a cT K O M  n p a ^ o j i n H B i  n o ä  

3 6 e p c B a j i b ,o i 3  H a  3ana,n;. T or,u;a 0 Ö p a 3 0 B a j i a c b  n p a ^ o j iM H a ,  B K j n o n a io m a H ,  

B e p o j iT H O , n p a ,o ;oJ iH H y B a p T b i  m 3 6 e p c B a j i b ^ 3 .

Bo BpeMH MaKCMMajibHOM (mjim penieccMBHoii) c£>a3Bi noMopcKon CTarvwi 
Ha BOCTOK ot MCHe3aioiii;eii ji(onacTn O^pbi, 3aH,n;pbi b BM,a;e 3aH^poBbix 

AOJiMH ^ocTMrjiw BßOJib coBpeMeHHbix B^bi, Bp^bi, Tb^bi h J^paBbi ,u;o

C ym eC T B O B aB D IM X  B TO B p eM H  MeJIKMX B n a ^ H H  B 3 0 H e  Ha^HOTeij;KMX M O peH  

u  n p e o 6 p a 3 0 B a j i n  h x  b  ^ o jiw H y , o  n p 0 MCX0 JK,n;eHMJi Ko t o po m  CBM ^eTejib-  

C T B yioT  K 0 T j i0 B M H 0 0 6 p a 3 H b ie  p a c m w p e H H b i e  u  6 o j i e e  y3Kiie flOJiMHHBie 

y n a c T K M  ( B o p o T a ) .

O6pa30EajicH eflMHBiii npa,n;0JiHHH0-3aH,n;p0BBm ypoBeHb, onncaHHBiM 

Bbirne no# Ha3BaHweM npa/jojiiiHHoii Teppacbi, c Kotopom yBH3biBaioTCH 
3aHfl,poBbie Teppacbi Bp^bi, Tbabi m .ZJpaBBi.

npa,nioJiMHHbie bo,zi,bi M3 npa^ojiMHbi HoTeu;M CTeKajiw He nepe3 cy>Ke- 

HMe flOJiMHbi noA 3 6 epcBajibA3 Ha 3ana,n;, ho, KaK sto cjie^yeT m3 aajibHeń- 

rnero HanpaBJieHMH TeppacBi, Ha ceBep b^ojib HMxtHero TeneHMH OaPbi 

m AOJiMHBi PaHflOB, r/je npocjiejKeHa npa,o;ojiHHHaH Teppaca eme b OKpecT- 

hocthx BjiKDMÖepr H BareMiojib Ha BBicoTe 18— 20 m h. y. m. Bo3mojkho

O^HaKO, HTO HaCTB BOA, MOJKeT ÖBITB B»0 B p eM H  MCKJIIOHMTeJIBHO 6 0 JIBIHMX 

HaBOAHeHMH cTeKajia nepe3 npa,a;ojiMHy 36epcBajib,zj;3 Ha 3ana,n;.

Bo BpeMH 3TOM TJiaBHOM c£>a3bi npa^oJiHHHoro CTOKa, coßiipaiomero 

Jie^HMKOBBie BOflBi JionacTH Bmcjibi m MeHbuiHX JionacTeii, pacnojio^KeHHbix 

Ha 3ana^ ot Hee, jionacTb O^pbi y x e  ncne3ajia. Bo bchkom cjiynae 

aKTMBHbiii jieA HaxoflMJicH b OKpecTHOCTHx HJeijMHa, 6biTb mojkct Ha jim- 

hmh TaMOHiHMX MOpeH Hanopa. CoeAMHeHHbie bo^bi Bhcjibi u O^pbi tckjim 

no AOJiHHe PaH^OB Ha ceBepo-3ana/j;, a 3aTeM Bna^ajiM b o6pa3yiomeecH 

Ha 3ana,o;e BajiTwiłcKoe jie#HHK0B0e 03ep0. Ecjih b»o BpeMH noMopcKow 

CTa^MM B npe^ejiax JionacTH Bmcjibi m MeHBiHMX JionacTeii, HaxoflnmnxcH 

Ha 3ana^ ot Hee, JionacTb Oflpbi OTMwpajia, to npoijecc .zjerjiHijMaijiiM 6biji 

eme Gojiee MHTeHCMBHBiM flajiBiiie k 3ana^y t. e. b oöjiacTM a^tckhx oct-

pOBOB.

P e j iB e c |)  n o B ep x H o cT M  3aH,n;poBofł h  npaAOJiMHHOM T e p p a c b i  p a 3 H o o 6 p a -  

3HT MHOrOHMCJieHHBie CJ)OpMBI, 06pa30B aB IU H eC H  OT TaHHMH MepTEiOrO JIB^a. 

O c o ß e H H o  M H o ro  T a K w x  (J)opM  c y m e c T B y e T  b  T o s c o b c k o m  k o t j i o b h h 6 > 

HBJIHIOmeilCH HaCTBK) KoCTpjKMHCKOM.

K or^a Jie^HMKOBBIH nOKpOB OKOHHaTeJIBHO HCHe3 H 3 30HBI KOHeHHBIX 

MOpeH nOMOpCKOM CTa^WM M Ha BOCTOK OT OTMHpaiOLU,eil JionacTH O aPBI,
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CTOK jie^HMKOBbix bo# c ceßepa npeKpaTMjicH. Ha 3aH#poBbix KOHycax 
B b iH O c a  06pa30Bajmcb peKM, Bpe3aBimiecH b  co3#aBinMecH nepe# s t m m  

3aH#poBBie noBepxHOCTn, a Ha TeppMTopMM npa#ojiMHBi m b  rjiaBHyio 
npa^ojiMHHyio Teppacy. B o a b i  npa#ojiMHbi m O / i p b i  HanpaBjiHJincb no- 
-npexcHeMy no ßOJinHe PaH/jOB Ha ceBępo-3ana,a; nepe3 TeppnTopMio M e- 

KJieHÖyprwM b  o6pa3yioiii;eecH BajiTMMCKjoe Mope (BajiTMMCKoe jießHMKOBoe 
03epo). CaMbiii OT#ajieHHbiM m cäMbiM h m 3k m m  cjie# CTOKa npaßOJiHHHbix 
BO# Ha nOBepXHOCTM 3T0M Teppacbl HaXÔ MTCH B flOJIMHe PaHflOB B03Jie 
BjiiOMÖepra Ha B b ic o T e  13 m  h .  y. m. 3 to  6 b i j i  nepnoß M a K c m a j i  b- 
H o r o  CTOKa penHbix bo# (y^Ke He Tajibix) no npa^ojiMHe HoTeujM —  
BapTbi, a 3aTeM ^ o j i h h o m  HHJKHero TeneHMH Oflpbi.

OTMnpaHMe JionacTH Bmcjim m 06pa30BaHne BajiTMMCKoro jieflHHKOBoro 

03epa co3^;ajio ÖJiaronpnHTHbie ycjiOBMH b  cymecTByiomeM b to  BpeMH 
3ajiMBe, floxoflHiijeM ,n;o Tneßa u MajibGopxa, fljra Henocpe,n;cTBeHHoro CTOKa 
bo# Bmcjibi Ha ceBep. McTopmh npopbma Bmcjibi k  ceBepy em;e HeM3BecTHa. 
OflHoii M3 nepBbix nonbiTOK ee  bbihchchmh hbjihctch KOHijenijHH OHepe#- 
HBix 3acT0MHbix 03ep ü . 3 o H H T a r a  (70). Bo bchkom cjiy^ae cjie^yeT 
npMHHTB HeCKOJIbKO c|)a3 pa3BMTMH TeppMTOpMM COBpeMeHHOM ßOJIMHBI 
HM5KHero TeneHMH Bmcjibi. Bo BpeMH CTOKa bo.ii; Ha ypoBHe 3aH,n;poBo-npa- 
flOJiMHHOM Teppacbl 3TMM xce nyreM, no Been BepoHTHOCTM, CTeKajiM 3aH- 
,zi;poBbie BO^bi B,zj;bi k  iory b  CTopoHy npa,o;ojinHBL C tok toi>d 5Ke HanpaB- 
jieHMH cyuj,ecTBOBaji, BeponTHO, TaK^Ke Ha ypoBHe nepexo^Hon npaßOJinH- 
hoü Teppacbl. O^HaKO bo BpeMH 3Toro nepno^a nponcxo/jMJiM M0pc|)0Ji0rM- 
necKne npou;eccbi, noAroTOBJiHBinne npopbiB nacTM bo# Bmcjibi k  ceBepy. 
Hobbim nyTb B nepBon <J>a3e McnojiB30Bajin, BepoHTHo, KaTacTpo(f)MHecKMe 
Bo^bi, no3/i,Hee bo^bi peryjinpHbix pa3JiMBOB Bmcjibi. M3BecTH0, h to  nacTB 
bo# Bmcjibi HanpaBjiHJiacb no noBepxHOCTn BepxHen Teppacbl, KOTopyio 
K a w j i b r a K  m ßpym e nccjie^OBaTejiM CHMTajiM #hom 3acToiiHoro 03epa 
(TopyHbCKoro), k  ceBepy b  3acT0MH0e 03ep0, Haxo^MBineecH b  30He Tene- 
peniHero ycTBH Bmcjibi, a nacTB bo# Ha 3ana# b#ojib npa#ojiMHbi HoTeijn—  
BapTbi.

3 a n a # H b i M  p y K a B  T e K y m e n  b  f l B y x  H a n p a B J i e H n n x  B m c j ib i  M c n o j iB 3 0 B a j i  

n p a ^ o j iM H y  H o T e ijM  —  B a p T B i ,  n p n n e M  b o ^ b i  B m c j ib i  m ee npn T O K O B ,  

p e a r M p y n  H a  KOJieöaHM H 3 p 0 3 M 0 H H 0 r 0  6 a 3 M c a ,  B p e3 a jiM C B  b  n e p e x o f l H y i o  

n p a ^ o j iM H H y io  T e p p a c y .  I l o c j i e  coe^ M H eH M H  c BO^aMM B a p T B i  b o ^ b i  n p a ^ o -  

jiMHBi cjiM BajiM CB c  BOflaMM O ^ p b i  M B M e c T e  c HMMM H anpaB jiH JiM C B  K c e B e p y .  

H a c T B  cjiM B u iM x cH  b o #  H a n p a B J iH J ia c b ,  K aK  M # 0  T o r o  B peM eH M , n o  f lO J in n e  

P a H # O B  H a  c e B e p o - 3 a n a # ,  a o ^ H O B p e M e H H o  n a c T B  m x  c T e x a j i a  H a  c e B e p  

B H a n p a B jieH M M  o 6 p a 3 y i o i u ; e r o c H  I I o M o p c K o r o  3 a j iM B a . 3 t o  6 b i j i  B T o p o n  

ÖMC|)ypKai^MOHHBIM CTOK B 0 # H 0 M  M TOM 5Ke peHHOM CMCTeMe.

P a3B M T M e # 0J iM H b i B m c jib i  3 a n o 3 # a j i o  H a  o # H y  c j )a 3 y  n o  cp a B H e H M io
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c pa3BMTneM .ąojiMHŁi 0,n;pbi, hto  HBiiJiocb pe3yjibTaT0M 6 o jiee  paHHeii Ae- 

rjinijJiaijMH Ha 3ana,o;e. BM^ypKauiMH bo#  B mcjibi npoAOJUKajiacb e m e  Ha 

ypoBHe 5-MeTpoBofi Teppacbi npaAOJiMHbi.

M TOJibKO n ocjie  n e p e x o ß a  Ha caMbin hh3kmm npa^ojiMHHbiM ypoBeHb 

T. e. H a coBpeMeHH,oe a h o  npaAOJiMHbi, 3 a n o j iH e H H o e  cyrjiMHKOM u  TopcjDOM, 

n p o n 3 om eji OKOHHaTejibHbiw npopbiB b o# Bmcjibi Ha ceB ep, b flOjiMHy 

e e  TenepeniH ero HMJKHero TeneHMH. OaKT s t o t  6mji cBH3aH c noHM- 

xceHiieM 3p03H0HH0r0 6a3Hca n ocjie  06pa30BaHHH CTOKa b cym ecT B yiom ee  

B t o  BpeMH BajiTMMCKoe Jie^HUKOBoe 0 3 e p 0 ,  Bep0HTH0, no npaflOJiHHe Jlsöbi. 

Boflbi B ncjib i Bpe3ajincb  b npe^KHee ^;ho aojihhm , Ha3BaHHoe ,,6o jiee  bbico- 

koP i cpe^HeM Teppacow ”, ,n,o ypoBHH MJia^inen ,,6o jiee  hm3kom cpe^Hew Tep- 

p acb i” . B c jie#  3a Bmcjiom b „Sojiee BbicoKyio cpe^Hioio T ep p a cy ” n paflo-  

jiMHbi, o B j i a ^ a io m y io  npoTMBonojiojKHbiM yKJioHOM, H a n a j i a  Bpe3aTbca  

B p^a, a npoTeKaiomaH Ha 3ana,n;e HoTeijb b ^ajibHenmeM  nojib30Bajiacb
npaßOJiMHOM.

# 0  cmx n op  Te3nc, n o  KOTopoMy B0fl0pa3^;ejibHbiii ynacTOK Me^c^y 

E p ß o ii u  HoTeijbio no^B eprca  no,zjHHTmo, h to  hbmjiocb rjiaBHoii npwHMHOM 

npopbiBa B ncjib i k ceBepy, He HaxoßMT noflTBepjKfleHUH. üoBepxHOCTb 

njiMOi^eHa —  KaK cica3aH0 Bbirne —  o6pa3yeT  b OKpecTHOCTnx Bbi^rom w  

no^HHTiie, h o  43opMa 3Ta, noKpbiTan njiewcTOijeHOBbiMM otjiojkchhhm m , He 

OTpaxtaeTCH b pejibec^e coBpeMeHHow noBepxHocTM.

I l o c j i e  M3MeHeiiMH H an p asjieH M H  CTOKa B m cjib i  ,zj;ho npa,o;ojiMHbi n o K p b i-  

j i o c b  OTjiiOJKeHMHMM M e^jieHHO T e K y m w x  peK , rjiaBHbiM  0 Ö p a30M  H oT eijM ,  

v u m -n z e  OTJiojKeHMHMH c t o h h m x  BO^- M 3 MCCJie^OBaHnfi T . I I p x  M - 

S b i J i b C K o r o  c j ie ^ y e T ,  h t o  H a n a j io  3anojiH eH M H  a o j im h m  T0pc^)0M o t -  

h o c h t c h  K n e p n o f l y  M J ia ^ in ero  f lp w a c a ,

O^H0BpeMeHH0 c reojiorwHecKMMM m Mopc£>ojiornHecKHMM npou;eccaMM, 

npoMCxoAMBiiiMMn Ha flHe npa^ojiHHbi, Ha e e  CKJioHax n  T ep p acax  npow c-  

xoam jih pejibe4?oo6pa3yioin;M e npoijeccbi.

M h o to  60K0B bix aojim h 06pa30B aji0C b b nepw rnijM ajibH bix ycjiO B n n x . 

O  CymeCTBOBaHHM 3THX yCJIOBMM CBM^eTejIbCTByiOT nOKpOBbl Ha CKJIOHaX 

m ^peBHMX T e p p a c a x , acMMMeTpnH n on ep eH H o ro  npocJjmiH vl B eT porpaH -  

HMKM.

C 3po3noHHbiMH npoijeccaivoi Ha CKJioHax npa^ojiHHbi nepeflOBajmcb  

30Ji0Bbie npou;eccbi Ha necnaH bix T ep p acax  npa^ojiwHbi, b pe3yjibTaTe k o -  

Topbix 06pa30BajiMCb b TeneHwe He MeHee ß ß y x  <£>a3 MHoroHMCJieHHbie 

KOMnjieKCbi a ioh , ocoöeHHo b TopyHbCKoü KOTJiOBMHe H Ha BO,n;opa3fl;ejib- 

HOM npocTpaHCTBe MejK^y HoTeijbio u BapTOM. # 0  caMoro n ep n o ^ a  kjih- 
MaTMHecKoro onTMMyMa nocjiejie^HMKOBbH npoflOJUKajiocb BbiTaMBaHne 

rjibiö MepTBoro Jibßa, HarpoMOJK^eHHbix b Sojibuiom KOJinnecTBe b MopeH-
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HbIX OTJIÔ KeHMHX Ha TeppHTOpMM npaAOJIMHbl, paCnOJIOJKeHHOM C ßMCTaJIB- 
HOH CTOpOHbl OT MaprMKaJIbHbIX (J)OpM n03HaHCK0M CTa^MM M B 30He 

HaAHOTeU,KMX KOHeHHbIX MOpeH.

3.TAIIbI PA3BMTMH IIOCJIEJIEflHMKOBOtt flOJIMHHOft CETM B IIPEflEJIAX
IIOJILCKOtf HM3MEHHOCTM

IIo  B o n p o c y  pa3BMTHH ßOJIMHHOM CGTM B nepMOfl OTCTynaHMfl Jie^HMKa 

c TeppMTopMM üpMÖajiTMKM Me^K̂ Y O^pon M HeMaHOM B KOHije npcjieAHero 
ojieAeHeHMH cymecTByeT óoraTan jiMTepaTypa. K. K a w j i b r a K  o^mh m3 
nepBbix BbiHCHMJi OTHOiiieHMe jie^HMKOBoro noKpoBa k nporjinipiajibHoii 
/jojiuhhom ceTM. O h  BbiflejiMJi noMopcKyK) npa,a;ojiMHy, o 6 p a 3 0 B a B n iy io cH

%
b o  B p eM H  c j i e ^ y i o m M X  n o c j i e  n o M o p c K o n  cjDa3 p e i j e c c n n  jie^ H M K a . I I o 3 ^ e ,  

B ocoßeH H O C T M  B n o c j i e ^ H M e  r o A b i ,  n o H B i iJ io c b  m h o t o  B a ^ K H b ix , n ocB H L u ;eH -  

H b ix  3 T 0 M y  B o n p o c y ,  p a ö o T ,  K 0 T 0 p b i e  flaiO T b o 3 m o 5 k h o c t b  y 3 H a T b  M H o r o  

H O B o ro  o  pa3BMTMM a o j i m h  H a  T e p p w T o p M M , ocT aBJieH H O M  jie^HM KOM , M o n p e -  

A ejiM T b reo jiorM H ecK M M  B 0 3 p a c T  s t m x  ^ o j im h .  O c o ö e H H o e  3 H a n e H M e  M M eeT  

H a cT O H m a H  C M H T eT H H ecK aa pa6»bT a, K a c a i o m a n c n  n p aflO JiM H b i H o T e i j n  —  

B a p T b i  M e e  c b h 3 m  c  3aH ,n;poB biM  c t o k o m  m  flOJiHHaMH p e n ,  T eK ym M M M  

c  l o r a  (cm . n p e ,o ;b i,z jy m ;y io  rjiaB y  H a c T o n m e M  cT aT bM ). I I p a ^ o j iM H a ,  x a K  

rj iaB H b iM  s j ie M e H T  n 0 3 ,z jH e j ie f lH H K 0 B 0 r 0  B p eM eH M , h b j i h c t c h  k j i i o h o m  ,zj,jih 

BblHCHeHMH reHe3MCa 3TOH ßOJIMHHOM CMCTeMbl.
Pa 3BMTMe flOJIMH M 3yHaeM0M TeppHTOpMM, HaHMHafl C nOMOpCKOM CTa- 

flMii nocjie^Hero ojie^eHeHMH, mojkho paccMaTpMBaTb b Tpex c£>a3ax c pn- 
AOM cy64)a3. A btop Ha3bisaeT mx nporjiHii;MajibHOM, nepexoflHon m 6aji- 
TMMCKOM (|)a3aMM.

1. I I p o r j i f l i ^ M a j i b H a H  c£> a 3 a. Bo BpeMH nporjiHijMajibHOM 4)a3bi, 
OTHOCHmeilCH K nOMOpCKOM CTaflMH nOCJie^HerO JieflHMKOBbH B pa3BMTMM
^ o j iM H H b ix  c |)opM  p e m a i o m e e  3 H a n e H M e  MMejiM T a j ib i e  j ie^ H M K O B b ie  B O ß b i.

B Hanajie stom c£>a3bi, bo BpeMH Hanöojibmero pacnppcTpaHeHMH jionacTM 
Oflpbl, 3aH^pOBbie BOßbl B OKpeCTHOCTflX KoCTpjKMHCKOM KOTJIOBMHbl Te- 

KJIM, KaK 3TO ^0Ka3aJI r. JI M A T K e, JIn6o pa3HbIMM nyTHMM Ha K)r OT 

BapmaBCKO —  BepjinHCKOM npaflOJinHbi, jih6 o (HeMHoro no35Ke) nepe3 
cŷ KeHHbiM ynacTOK npa^ojiiiHbi B03Jie 96epcB ajibfl3  („Eberswalder Pfor
te”) Ha 3ana,a;. B o BpeMH stoh  cy6c£>a3bi Ha boctok ot JionacTM 0,n;pbi n e p e #  

xpaeM  jie,n,HHKa 06pa30BbiBajincb orpoMHbie 3aH^;poBbie n oB epxH oern ,  

a Tajibie BOflbi HanpaBjinjincb k iory no HanpaBjieHHio öy^ymeii npa^o- 
jiMHbi. # o  c n x  n op  He ,n;0Ka3aH0 cynjecTBOBaHMe b sto  BpeMH K a K o i i -  

jin6o  npa^ojiMHbi, b KOTopon coówpajiMCb 6bi Tajibie bo^ bi cjiMBancb 

c peHHbiMM Bo^aMM, TeKyinHMM c iora. IlepBaH npHJie^HMKOBan jiojKÖnHa 

CBH3aHH3H c noMopcKon CTa^Men, o6pa30Bajiacb, corjiacHO mhchmio T. 

JI n R T K e, y npan JionacTM Oflpfci, ho flajieno jim npoTHrwBajiacb 3Ta
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cfcppMa K BOCTOKy —  Hew3BecTHO. TeM BpeMeHeM penHBie boabi TeKJiw hb 

3anaA baojib BapuiaBCKo —  BepjiMHCKOM npaAOJiMHBi.

B o  BpeMH cjie^ y iom ew  cy6c£>a3Bi (pwc. 9a), cooTBeTCTByiomen nepwoAy  

öojiee  GbicTporo OTMMpaHMH jionacTu O a p b i , n o  cpaBHeHMio c ocTajibHOw, 

BOCTOHHOM HaCTBIO Jie^HMKOBOrO nOKpOBa, 06pa30BaJIMCb MHOrOHMCJieHHbie 

3aHApoBbie AOJiMHbi ( ,,s” Ha p uc. 9a), n o  kotopbim  Tajibie boabi, HacbinaB 

6ojibm n e 3aHApoBBie KOHyca BbiHoca, HanpaBJiHJincB k  iory, BjinBancb  

B 6ojib m yio  npaAOJiMHy THHymyiocH baojib Kpan jie^HMKa. B  stoji ripa- 

AOJinHe B KOHu;e noMopcKon CTa^nn co6npajiacB  c oahom CTopoHbi 6 ojib- 

rnaa nacTB Tajibix boa JieAHnicoBoro noKpoBa n  boa KapnaTCKnx n cy -  

AGtckhx —  c APyron. TaKMM 06pa30M npaAOJinHa 3Ta HBjiHJiacB ijeHTpajib- 

HOM ocbio aojihhhow ceTM 3Toro nepnoA a (pnc. 9a).

B  BOCTOHHyiO HaCTb 3TOM OrpOMHOK JIOJKÓHHBI CTOKa BOA, B npejKHHX 

paßoTax Ha3BreaeMon B hjichcko— B apmaBCKon * npaAOJiMHon, CTeKajm 

rjiaBHbiM 06pa30M Tajibie boabi JieAHnicoBoro noKpoBa, pacnojiojKeHHoro Ha 

BOCTOK ot jionacTM B ucjibi. C lora npncoeAHHHJiwcB boabi BepxoBBeB H e-  

MaHa, HapeBu, B y r a  u B ucjibi. B  3anaAHOH nee HacTH stom jiojkömhbi, 

Ha3BiBaeMOM TopyHCKO-36epcBajiBACKOw npaAOJinHon (hto BepHO tojibko 

OTHacTw) MJiH npaAOJiMHofi HoTeijn —  BapTBi coSnpajincB  rjiaBHBiM o6pa-  

30M Tajibie boabi JieAHnKOBoro n oxpoB a pacnojiojKeHHoro MejKAy JionacTBio 

B mcjibi m MCHe3aiomeM JionacTBio Oa p b i . C iora BnaAajia OApa, KOTopan 

BBipaßoTajia AOJiHHy npopbm a, n ep eceK aiom yio  MaprnHajiBHBie cjDppMBi 

n03HaHCK0M CTaAWM, He nojiB3yncB yxce AaJibHewmeit nacTBio BapmaBCKO- 

BepjinHCKOH npaAOJiwHbi. BapTa 5Ke b  e e  cpeAHeM TeneHWM coeAMHHJiact 

c O apom e m e  nepe3 ynoMHHyTyio npaAOJiMHy, npwneM npwHMMajia npnTOK, 

TeKymMn c ceBepa baojib ynacTKa e e  a ojim h li> HOCHiijero xapaKTep aojiuhbi 

npopblBa (OKpeCTHOCTH Il03HaHfl **).

B ojib m an  nacTB b oa  B u cjib i vl Oapbi, coöwpaiomMxcH b K octpjkm hckoji 

KOTJiOBMHe CTeKajia n o  AOJiHHe HHJKHero TeneHMH O apbi, n o  AOJiHHe PaH- 

AOB, a 3aTeM n o  oahom m3 MeKJieHÖyprcKHX npaAOJiMH u  BnaAajia b o6pa-  

3yK)m;eecH y  ßeperoB MeKJieHÖyprnn pi a ^ tc k h x  octp>obob BajiTHncKoe 

jieAHMKOBoe 03ep0. OcTajiBHBie 5Ke boabi npaAOJiMHBi ncnojiB30BajiM 

B AaJiBHeiimeM HeyAOÓHyio y3K yio nacTB npaAOjiMHBi y  36epcBajiBA3. MTaK, 

3AecB nponcxoA iiJia 6nc£>ypKai;nH b oa  npaAOJiUHbi, noAA ep^nB aeM aa rjiaB- 

HBIM 06pa30M nOJIBIMH BOAaMM. Ü 3  BBIHieCKa3aHH0r0 CJieAyeT, HTO AerJIH- 

ujMaijjiH nponcxoA H jia HepaBHOMepHo, t .  e. ÖBicTpee Ha 3anaAe, MeAJieHHee 

Ha BOCTOKe, HTO MOrJIO ÖBITB CJieACTBHeM BJIHHHMH MOpCKOrO KJIMMaTa Ha 

3anaAe.

* He^aBHo E. K o H f l p a i < K H  bo3o6hobhji 3to Ha3BaHwe.
** Cm. C T a T b io  T. BapTKOBCKoro (cm. jiMTepaTypy).
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IIpeflCTaBjieHHafl B b im e  peKOHCTpyKu,MH pa3BMTHH peHHOü ceTM b k o h -  

i j e  n o M o p c K O M  C T a ^ n n  0CH0BaHa n p e ^ K ^ e  Bcero H a  a H a j iM 3 e  T e p p a c  n p a -  

flOJIMHbl H0TeU,M-BapTbI M MX CBH3M c 3 aH,zjpaMM.

A b t o p  B o c n p o M 3 B e ji  c n c T e M y  3 a H A p o B o  —  n p a ,ą o j in H H o r o  CTOKa b n e -  

pno,a; cy m ;e cT B O B a H M H  n p a # o j iM H b i  H o t c i jm  —  P a H ^ O B  o t  3 aH,a;p0 B 0 M T e p -  

p a C b l E p f l b I  M OCTaTKOB n p a flO J IM H H O M  T e p p a C b l B T o p y H C K O M  KOTJIOBM He  

H a  BOCTOKe ,a;o y n a c T K O B  n p a ,o ;o jiM H H o ń  T e p p a c b i  b  ß O JiM H e P a H flO B  H a  

3 a n a # e  (puc. 11), y H M T b r a a n  nccjieflOBaHHH I\ T. O c t  a, C t .  K o 3  a p c- 

K o r o ,  H .  l I I y n p M H M H C K o r o ,  B. M p y  3  k  a,  T .  J l n ^ T K e  u  flpy-  

ra x , Rjin  p e K O H C T p y K i^M M  .z jo jih h , c y m e c T B y io m n x  b o  B p e M H  s to m  cy6ćpa3bi 

H a  BOCTOK M lo r  OT C O B peM eH H O M  ß O JIM H b l H M 3 0 B b e B  B n C J Ib I, n o  KOTOpOM  

B 3 TO B p e M H , B ep O H TH O , C TeK aJIM  B TopyHCKyK) K O TJIO B M H y 3 aH,niP0 B b ie  B O ß b l 

B ji^bi, n o c jiy ^ c M jiM  M e 5K,o;y n p o n u M  M c c jie ß O B a H M H  C t .  J l e H i j e B i i H a ,  

E. K o p . f l p a i ^ K o r o ,  B. O K O J i O B M H a  w  JI. P  o  m  k  y  b  h  b i.

2. ü e p e x o f l H a H  ( J ) a 3 a  (puc. 9b). KaK y 2Ke 6biji,o yKa3aH0, bo  

BpeMH MaKCMMyMa noMopcKoii cTa^nn, Tajibie BO#bi j io n a c r a  O ßpbi CTeKajin 

pa3HbiMn nyTHMM B BapmaBCKO-BepjiMHCKyio npa^ojiPiHy, a noTOM no  

npa^ojiMHe y  36epcB ajibA 3 Ha 3ana^. C to k  coeßMHeHHbix 4)jiK>BMorjiHu;n- 

ajibHbix M peMHbix b oa  no npa,o;ojinHe HiOTeijn— BapTbi Ha 3ana,a;, a 3aTeM 

n ocjie  cjiMHHMH c BO,n,aMM O^pbi Ha ceBep n o  HanpaBJieHnio k  Mcne3aio- 

m eM y jie^miKOBOMy noKpoBy) c nacTHHHO 6nc|)ypKan,noHHbiM ctokom  n e -  

p e3  cyjKeHHbifł ynacTOK npa^ojinHbi n o^  36ep cB ajib fl3  Ha 3ana^; (puc. 9a) 

6biji OTpajKeHneM KOHe^Horo 3Tana noMopcKoii CTa^nn. C to k  b oa  no  ,ro- 
JiMHaM 0,a;pbi M PaHAOB B o6pa3yK>meecH B ajrrnncK oe Mope hbjihjich  

HanajiOM cjie,zjyioin,eii cj)a3bi pa3BHTMH ^ojimhhom ceTM, a mmchho n e p e -  

xoflHOM cj3a3bi. B t o  BpeMH KaK Ha TeppnTopMM coBpeMeHHon BajmiKM  

nponcxoflHJio STanaMH (c|3a3aMM) oTCTynaHne jieflHMKa, Ha ceBep o t  k o -  

HenHbix MopeH noMopcKoü CTa^nn pa3BMBajiacb ceTb MaprnHajibHbix 

flOJiMH, coe^nHeHHbix Apyr c #pyroM  KOTJioBMHaMM 3acT0MHbix 03ep. ITo 

3TMM flOJiMHaM tckjim  4)jnoBMorjiHn,MajibHbie BOflbi, nonojm eH H bie BOflaMn 

H eßojibm nx peK, KOTopbie 06pa30BbiBajincb Ha ceBepHOM cKJioHe Mopen 

noMopcKoii CTa^nn. B o  BpeMH Gojiee npoflOJDKHTejibHon ocTaHOBKM Jie#- 

HHKa, cooTBeTCTByiomeM, BepOHTHO, ceBepHopyrnMCKOM cj)a3e, o6pa30B a- 

Jiacb noMopcKan npa#ojiHHa, onncaHHan K. K  a n ji b r a k o m, K. O . 

B io ji o B bi M M MHorHMM ,zj;pyrnMn (pnc. 9b).

T e M  B p e M e H e M  H a  io r  o t  K O H e n H b ix  M o p e H  n o M o p c K o n  C Ta^M M  b y c j i o -  

B M H X n e p n r j iH i j ,M a j ib H o r o  K J iM M a T a  n o  3 aH ,z jp o B b iM  flO J iM H aM  n o T e K j in  p e ia i ,  

c o 6 n p a io n j1n e  B O ß b i ö o j ib in n x  3 a H ^ p o B b ix  K O H y c o B . O h m  H a n p a B J iH J in c b
V u

B npaßOJiHHy, b  K otopom  cjiMBajiMCb BO#bi peHHOM ceTM B een  T ep p n T o p n n  

nojibuiM. Ohm tck j im  n o  noBepxHOCTn t .  Ha3. npa^oJuiHHOM n e p e x o ^ H o n  

Teppacbi, KOTopan Bpe3ajiacb Ha rjiyÖMHy 5 .w b  npa^ojmHHyK) Teppacy
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cooTBeTCTByiomyK) nporjiHU,MajibHOM c£>a3e. T e p p a ca  3Ta cym ecTB yeT He 

TOJibKo B npaßOJiHHe HoTeu,n-BapTbi. OHa Haw^eHa TaioKe b  3aHApoBbix 

AOJinHax, B flOJiMHe HMJKHero TeneHMH O apm  n  PaH^OB —  n o  3T0My nyTH 

b o a b i  cT eK a jiM , HanpaBJiHHCb b  BajiTMMCKoe Mope. 3 T a  Teppaca b  BMAe 

caMoro BbicoKoro TeppacoB oro ypoBHH HaM^eHa n p n  Bna^eHMM BapTbi 

B npa^ojiHHy. B s t o  BpeMH yrae  cymecTBOBajia AOJiMHa n p o p tm a  BapTbi 

nOA Il03HaHeM M B O ß b l BapTbi CJIHBaJIJlCb C peHHblMM BOflaMM, TeKymMMM 

n o  npa^oJiMHe HoTen,n— BapTbi. TojibKO nacTb b o a  BapTbi, corjiacHO m h g -  

h m k ) T. E a p T K O B C K o r o  (5), HanpaBJiHJiacb em,e n o  BapmaBCKO— B e p -  

JIHHCKOÜ npaAOJiMHe Ha 3anaA-

B o BpeMH cjieA yiom en  cy6c£>a3bi Ha ypoBHe BepxHew Teppacbi Hana.no 

OT^ejiHTbCH HMXHee TeneH ne Bwcjibi, a boabi OApbi tckjim  Ha ceBep Ha 

ocBoßoÄ^eH Hyio o t  JiBAa TeppnTopm o coBpeMeHHoro IIoMopcKoro 3ajinBa. 

O^HaKO nepexoA H an c£>a3a e m e  npoAOJi:?KajiacB. Il03T0My TOJibKO nacTB b oa  

B ncjib i HanpaBJiHJiacb Ha ceB ep, a ocTajibHaa mx nacTb TeKJia Ha 3anaA n o  

npaflOJiMHe HoTeijii— BapTbi. T a x x e  m nacTb boa, co6iipaK>m;nxcH b aojim- 

He HMJKHero TenerniH OApbi, TeKJia n o  AOJiHHe PaHAOB Ha 3an a# , ho  6 o j i b -  

rnan nacTb penH bix b o a  O ap m  —  rjiaBHan Macca peHHBix b o a  IIojibCKon

HH3 MeHHi3 CTM ----  nO C Jie CJIHHHMH C BO^aMM nOMOpCKOM n p a ^ O J IH H b l C T eK aJia

n o HaxoAHin,eMCH b HacTOHiijee BpeMH HMJKe ypoBHH Mopn AOJiHHe baojib  

0 CTp0 B0 B Y3HaM M P ioreH  B o6pa3yio ii;eecH  b t o  BpeMH BajiTMMCKoe Mope.

K y^ a  CTeKajiM boabi HM^cHen B mcjibi? HecoMHeHHO b to BpeMH TAaHC- 

kum 3ajiMB Sbiji e m e  nonpbiT jibapm  jionacTn BMCJibi. M Horne reojiorMHec- 

Kwe u  M0pc|)0Ji0rMHecKne A^HHbie CBMAeTejibCTByiOT o cymecTBOBamiM b to 

BpeMH 3acTOMHoro 03ep a , KOTopoe pacniMpHJiocb OAHOBpeMeHHO c noHw- 

JKeHweM ero  ypoBHH n o  Mepe OTCTynaHMH jieAHHKa Ha TeppMTopnio B aji-  

TMKM.

B o  BpeMH OAHOM M3 onepeAH bix ocTaHOBOK JieAHmca b nepwoA CTapmero 

A pnaca (cm. p n c  9c) o6pa3(0Bajiacb, onwcaHHan m. np. B . K e  p h k  e, n p a-  

AOJiMHa n p ero jib i, boabi KOTopon BJiMBajincB b jieAHMKOBoe 03ep 0  Ha Tep* 

pwTopMii coBpeMeHHofi A^JiBTbi Bmcjim. C to k  3Toro 03ep a  nponcxoAHJi no  

npaAOJiMHe Jlsöbi m najiee  Ha 3 a n a A  n o  oahom m3 MHoronncjieHHbix Maprw* 

HajibHbix AOJiHH BAOJib Kpan JieAHnxa. Kpaw JieAHHKa b to  BpeMH óbiJi, 

BepoHTHO, KaK u  npe>KAe m3bhjimct, n Ha TeppHTopnn TAaHCKoro m rio- 
MopcKoro 3ajiMB0B BbirwSajiCH b BHAe jionacTeił. 3 t o  noATBep^KAaioT pe~  

3yjibTaTbi nccjieAOBaHMÜ I \  K j i m b s .  B ojib in an  npaAOJinHa, THHymancH 

Ha lor o t  MopeH noM opcKon CTaAHM, wrpaeT b A^JibHewineM pojib caMOM 

BajKHon BOAHOÜ apTepwM Ha TeppwTopnn Hn3MeHH0CTM. B  AaJibHenineM 

npoAOJiJKaeTCH 6n<J>ypKaLi;MH b oa  B hcjibi, T eK ym nx Ha ypoBHe Gojiee bbi- 
cokom cpeAHew Teppacbi. 0 6  stom cBMAeTejibCTByeT c£>aKT, hto H anöojiee  

ApeBHMe Top^DHHiicTbie OTjiojKeHMH B npaAOJiMHe HoTeu,n Ha 3anaA ot
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Bti^romM othochtch K nepwoAy MJia^inero Apnaca, t .  e. k nepnoAy, Kor^a 
jie^HMK OTCTynuji Ha TeppwTopnio CxaHAWHaBMM. KaK cjie^yeT OAHaxo H3 

aHajiM3a Teppac b aojimhc HUMHero TeneHHH Oapbi, see  ee boabi Texjin Ha 
ceBep no HaxoAHin;eiicH b HacTonmee BpeMH Hnjxe ypoBHH Mopn npa^o- 
jiMHe baojib 0 CTp0 B0 B Y3HaM u Pyrnn B BajiTHMCKoe Mope, npHHHMaa 
c BOCTOKa boabi MaprMHajibHbix pex jieAHHxa.

3. B a j i T M M C K a a  <J> a 3 a (pnc. 9c). nojiH biii n ep exoA  b oa  Bwcjibi 

B oTKpbiTbiM r^aHCKHM 3ajinB (Ha ypoBHe 6ojiee  hm3kom cpe^H eii Teppacbi 

HOJiMHbi HMJKHero TeneHMH B hcjim  —  A ju ie p e # )  m 06pa30BaHne BOAopa3- 

Aejia B npaflOJiMHe, a T axjxe n ep exoA  b o a  HeMaHa b B a jr m n c x o e  jieAHw- 

K0B0e 03ep 0  o6o3HaHaK>T Hanajio nocjieAHew c£>a3bi b pa3BMTMH aPJimhhom 

c g t m  npn6ajiTMKM, a MMeHHO —  öajiTupLCKO vi c|)a3bi. 3HaneHMe O a p m ,  . j ih -  

ineHHoii CTOKa b oa B h cjim  no npaAOJinHe, yMeHbmaeTCH. YcTbe OAPbi n a-  

xoAHJiocb B s t o  BpeMH, B npoTMBonojiojKHOCTb B n cjie  H HeMaHy, Ha Tep- 

pwTopnM B ajiT nxn  AaJiexo o t  coBpeMeHHoro Sepera. B o  BpeMH 6ajiTniicxoM  

cj)a3bi OKOHHaTejibHO onpeAejinjicH pe3XMM KOHTpacT HanpaBJieHMH p en -  

Horo CTOKa ü o jib c x o ii  HM3MeHH0CTM: c OAHOM CTopoHbi coxpaHMBmnecH  

3aHpoBbie AOJiMHbi, HanpaBjieHHbie k lory , c A pyron CTopoHbi —  HanpaB- 

jieHHbie Ha ceBep aojimhbi npopbm a OAPbi, B hcjim  u  HeMaHa, a Tax^xe 

AOJiMHbi MeHbniMX npMÖajiTMMCKux p ex , ycTpeM jiHiomnx cbom M3BHJincTbm 

6 er  AO-nnHaMM n pop bm a k  6jin3Jiejxam;eMy Mopio. P e x n  OTMenaiOT n o cjie -  

jieAHHKOBbie KOJieóaHHH ypoBHH B ajiT nxn  06pa30BaHweM a o jiu h h b ix  Tep

p ac  M axxyMyjiHi^MeM. IIpaAOJiMHa HoTenw —  BapTbi c yxji0H0M, He n p n -  

cnocoÓJieHHbiM x  coBpeMeHHbiM, npenMyu;ecTBeHHO MajibiM pexaM, n o  Hen 

npoTexaionj;nM, npennTCTByeT bjimhhmk) 6ajiTHMcxon 3po3WiDHHoii 6a3bi 

M CTaHOBMTCH MepTBOM AOJIMHOM. TeM BpeMeHeM 6jIM30CTb 3TOM 6a3bl 

x  npwTOxaM HMJXHero TeneHHH B hcjim  CTaHOBMTCH npwHMHOM h h tch cm b -  

Horo pa3BMTHH MX AOJIMH, O HeM CBHAeTeJIbCTByeT KOJIMHeCTBO AOJiHHHbix 

Teppac, npeMMymecTBeHHO 3po3HOHHbix, Hanp. 9 Teppac b AOJi^He BpAbi.

OSljH CH eH M H  K p H C yH K aM

P uc. 1. Teppacbi ^ ojimhbi rBflbi Ha boctok ot IlMJibi (TeppacoBtiił nojiyocTpoB)
1 —  3aHflpoBbie necKM c BajiyHaMw; 2 —  BajiyHHan rjiMHa; 3 —  MejKMopeHHbie 
necKw (4)Jii0BM0rjiHi4MajibHbie); 4 —  JieHTOHHbie rjiHHbi nofl BajiyHHHKOM (Kwp- 
nwHHbiM 3aBOfl); 5 —  necoK h  rpaBmi c BajiyHaMM Ha noBepxHOCTM 1 Teppacbi. 
Teppacbi o6o3HaHeHbi phmckhmh ijMcJ)paMH (cm. onwcanwe Ha CTp. 117).

P uc . 2. OßHaHceHwe Ha npaaojiMHHOM Teppace b ßOjiHHe PaHßoö b OKpecTHocTHX B a -  

reMioJib (ITJP)
a —  p a 3 H 0 3 e p H M C T b ie  necKM c npeo6jia,zjaHHeM K p y n H 0 3 e p H M C T b i x ;  b —  B a j i y H -  

HHK B B H f le  x o p o r n o  O K a T a H H b i x  B a j iy H O B  Ä w a M e T p o M  no 20 c m ; c —  H e c o r j i a c H O  

3 a j i e r a i o i H a H  n o A  B aj iyH H H K O M  cepwn c j io M C T b ix  n e c K O B ,  n e p e c j i a w B a i o m H X C H  
c o  cjioeM rpaBHH

Pwc. 3. OÖHa?KeHMe b npaAOJiMHHoü Teppace b ^seMöyBKe (Ha boctok ot I lm ibi)
1 —  noKpoBHbiw necoK w ocTaTOHHbie oTJiojKeHwa nocjie 3po3noHHoro cpe3aHHH 
BajiyHHOH rjiHHbi. AKKyMyjiHTMBHbie KapMaHbi; 2 —  Jie^HHKOBaa rjiHHa; 3 —
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CJIOMCTbie (J)JIIOBMOrJlHI^MOHHt>ie neCKKI pa3HOM CjppaKIJMM; 4 — MejIK03epHMCTbIM 
necoK c npocjiOMKaMM KpynH03epHMCT0r0 —  yk jioh  32° Ha tor; 5 —  cynecb  .

Pnc. 4. 06Ha>KeHMe b BepxHew Teppace b IlaTepKe (Ha ior o t  HaKJio)
1 — noKpoBHoe (ocTaTOHHoe) OTJiojKeHne —  BajiyHbi, rpaBwfi; 2 —  CBeTJio-jKeji- 
Tbie CJIOMCTbie necKM; 3 — 6 y paa  BajiyHHaa rjiMHa

Pmc. 5. OÖHajKeHwe b BepxHew Teppace K npnnHHoro 3aBO,n;a MyjKMHOBO (Ha ior o t  
,Ii;pe3AeHKa)
a — ropM30HTajibH0 CJIOMCTbie CBeTjio-HtejiTbie penHbie necKM; b — BajiyHHMK 
c KycKaMM n ep ep a 60TaHH0M rjiHHbi; c — CBeTJio-jKejiTbie <J>jnoBMorjiaijMajibHbie 
neCKM C pa3HbIM yKJIOHOM CJIOeBJ d — CJIOM BaJiyHHMKOB, CMJIbHO JIMMOHMTM3MPO- 
BaHHbix necKOB m rpaBMH c flMaroHajibHOM cjiOMCTOCTbK) m MHoroHMCJieHHbie 
6ojibm ne BajiyHbi

P mc. 6. OßHameHMe b BepxHen Teppace b MefrHöypr b flOJiMHe HMJKHero TeneHMa 
Oflpbi (iyjP)
a — MejiKO- M cpeAHe3epHMCTbie necKM c HeacHOM r0pn30HTajibH0M jiaMMHai^Men; 
b — rpaBMM c BajiyHHMKaMM m oKaTaHHbie BajiyHbi; Majio3aMeTHaa ropn30H- 
TajibHaa jiaMMHaijna; c — MejiKO m cpeAHe3epHMCTbie necKM, CJIOMCTbie c H3MeH- 
HMBblM yKJIOHOM

Pmc. 7. Tpac^MK cpe^Heił oKaTaHHOCTM 3epeH  HeicoTopbix T epp acoB b ix  otjiojkchmm 

b npa^ojiMHe H oT eijn— BapT bi, flOJiMHe HMjKHero T eneH na O ßPbi m flOJiMHe P aH -  

flOB (no  M3 MepeHMHM B. C i a H K O B C K O r O )

a — npaAOJiMHHaa Teppaca; b — n epexo^H aa npa,n;ojinHHaa Teppaca; c — Bepx
Haa Teppaca; d  — BepxHHH nepexo^H aa Teppaca (b)

P mc. 8. OÖ3opHaa Mopc£>ojiomHecKaa KapTa ycTbH ^ojiMHbi ^pBeHLjbi
1 —  BepxHHH Teppaca; 2 —  BepxHHH nepexo^H aa Teppaca; 3 —  Sojiee HM3KaH 
cpeAHHH Teppaca; 4 — hmjkhhh Teppaca; 5 —  Ha^noMMeHHan Teppaca (II CTy- 
neHb); 6 —  HaAnonMeHHaa Teppaca (I CTyneHb)

P mc. 9. Pa3BMTMe ceTM aojimh b ceBepHoił Ilojibiiie
a — nporjiHijMajibHaH cj)a3a; b — n e p e x o /jH a a  cfra3a, HanajibHbiii sT an; c — 
n e p e x o f lH a n  <$>a3a, KOHenHbin 3Tan. P a c x o f la m n e c a  cTpejiKM o 6 o 3HaHaioT MecTa 

6w4)ypKai;MM

Pmc. 10. T eppacbi npa^ojiwHbi HoTenn—BapTbi. O630pHbie MopcfrojiornnecKMe KapTbi 
1 — MopeHHoe njiaTO m KOHenHbie MopeHbi; 2 — apeBHMe 3aHApbi; 3 — 3aHflpo- 
Baa Teppaca m npaaojinHHaa (Teppaca V); 4 — npa/nojiMHHaa nepexo^H aa Teppaca 
(Teppaca IV); 5 —  BepxHaa Teppaca (Teppaca III); 6 —  BepxHaa nepexofliiaa 
Teppaca (b) mjim Teppaca II; 7 —  BepxHaa nepexo^H aa Teppaca (a) mjim Tep
p aca I; 8 — flioHbi; 9 — TepMOKapcTOBbie BnaflMHbi; 10 — o3epa 
Äho npaAOJiMHbi M 6ojiee HM3Kne (MOJiOAbie) Teppacbi, cBa3aHHbie c aojimhom 

HMjKHero TeneHMa Oßpbi, He o6o3HaMeHbi. I^McJppbi 0603Hanai0T aScojnoTHyio 
BbicoTy. npw  cocTaBJieHMM HacToameił KapTbi 6biJiM Mcn0Jib30BaHbi pe3yjibTaTbi 
MccJieAOBaHMM B. Mpy3eKa, C t. Ko3apcKoro, H. IIIynpMHHHCKoro, T. T. OcTa, 
r. JlM^TKe, T. JIeM6K3, T. BapTKOBCKoro, B. ßaMMepa, B. KpbiroBCKoro m flpyrnx.

P mc. 11. npo^ojibHbiM npocJjMJib Teppac npa,z;ojinHbi HoTeu;n—BapTbi m AOJiMHbi hmjk- 

Hero TeneHMa O apbi m PaHflOB
1 —  Ano npaAOJiMHbi; 2 —  npaBo6epe?KHbie Teppacbi; 3 —  jieBo6epe>KHbie Tep
pacbi; 4 —  Teppacbi n o  o6enM CTopoHaM peKn; 5 —  o6o3HaMeHne Teppac b ijh- 

cfcpax; 6 —  peKOHCTpyKLjna flpeBHero AHa aojimh; 7 —  Topc£>; 8 —  ynacTOK np o-  

(i)Mjia nepBMHHoro a n a  npaAOJiMHbi; 9 —  aScojnoTHaa BbicoTa
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Fig. 11. Longitudinal profile of te rraces of the Noteć—W arta  ice-marginal streamway 
and ot valleys of Lower O dra and Lower Randow

1 — bottom of ice-marginal streamway; 2 — rlght-bank terraces; 3 — left-bank terraces;  4 terraces  

on both sides  of river; 5 — numeral designations of terraces;  6 — reconstruction of former va l ley  floors; 

7 — peat; 8 —- fragment of profile of original valley  floor; 9 — absolute heights

Fig. 10. Terraces of Noteć—W arta  ice-marginal streamway. A morphological map
1 — moraine plateau and end moraines; 2 — older outwash sands; 3 — outwash- and ice-marginal 

s treamway terrace (terrace V); 4 — ice-marginal s treamway transition terrace (terrace IV); 5 — upper 

terrace (terrace III); 6 — upper transition terrace (b), or terrace II; 7 — upper transition terrace (a), 

or terrace I; 8 — dunes; 9 — meltwater kettles:  10 — lakes  

The bottom of the ice-marginal streamway and lower (younger) terraces,  connected with the Lower Vistula  

valley ,  have  been left unmarked. Numerals  denote absolute heights. In compiling the present map, 

the results  of the investigation conducted by the fo llowing authors h a v e  been taken into consideration;  

T. B a r t k o w s k i ,  B. D a m m e  r, St.  K o z a r s k i ,  B.  K r y g o w s k i ,  H.  L i e d t k e ,  H.  L e m b k e ,  

W.  M r ó z e k ,  H.  G.  O s t ,  J.  S z u p r y c z y ń s k i
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